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The organisation and optimisation of domestic air transport services within Iran 
ABSTRACT 
Air transport is an important part of any major domestic transport system. 
Consequently significant insight, analysis and methodological effort is necessary to 
devise an analytical model of a domestic air transport network with a view to the 
optimisation. Since the advent of airline deregulation in the US in 1978, most 
domestic airlines have adopted a routing and scheduling strategy known as hub and 
spoke. The adoption of this system presents a major change to network planning and 
operations for most airlines. The hub and spoke system proposed in this dissertation is 
for developing countries and based on the domestic Iranian air transport network. The 
aim of the research is to devise a practical domestic air transport network system, 
capable of dealing with strategic aspects of network planning and evaluation. In order 
to design such an air transport system for Iran, other important factors (physical, 
social, geographical, cultural, economic and political) have been identified and taken 
into consideration. Different models of hub and spoke systems have been considered 
and the hierarchical-hub model has been selected as the most suitable for its ability to 
expand into a more realistic multiple hub system. A numerical model - Homa Hub -
has been developed and optimised for the domestic Iranian air transport network. 
Comprehensive data were collected from the Iranian Civil Aviation Authority 
(ICAA), airport authorities and Iran Air (the major domestic airline) for twenty major 
Iranian cities for the period 1990 to 1992. Based on these data, three case studies have 
been carried out and the results have been tabulated and illustrated graphically. Based 
on these case studies and other important factors, the principal outcome of the 
research is a domestic air transport network system for Iran which optimises 
passenger flows and minimises total costs. Conclusions are drawn and finally some 
recommendations for further research are proposed. 
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Key Words: Air transport, network';hub and Spoke, hierarchical - hub, optimisation, 
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CHAPTER 1 
INTRODUCTION 
1.1 The Context of the Study 
1.1.1 Motivation For The Research 
Air transport is a uniquely important factor in the Iranian economy and as such it is 
essential to have a robust domestic air transport network which maximises benefits 
and minimises costs. At the present time, Iran Air is the national carrier and dominant 
domestic operator with over 85% of market share but, according to Iran Air's 
Planning Manager, it has no clear network planning strategy (Iran Air, 1994). 
Domestic air transport in Iran is and probably always has been running at a financial 
loss due to a range of factors, including government pricing policy with respect to 
controlling inflation. The national government of Iran does not permit airlines to 
operate financially prudent pricing policies or to set their own fares. As a 
consequence, the airlines are not particularly interested in developing the domestic 
market for air transport services. 
For these reasons, aircraft utilisation within Iran is very low compared to other airlines 
in other parts of the world. Therefore a system is clearly needed to improve aircraft 
utilisation and decrease cost per passenger, together with a more feasible approach to 
domestic pricing policy. Such a system could make domestic routes more attractive to 
airlines, but for this to happen they will need to have both a short term and long term 
network planning strategy for the domestic market. 
1 
The largest transport infrastructure project under construction in Iran has been the 
Imam Khomani International Airport, which is situated south-west of Tehran. The 
first phase was completed in January 1998 and is capable of handling 12 million 
passengers a year. This airport will eventually have a capacity of 30 million 
passengers per year. The budget for this airport was announced to be US $ 800 million 
in 1992 but by now the Iranian Civil Aviation Authority report shows that the original 
cost was grossly underestimated. 
The Civil Aviation Authority, which has control of airports in Iran, has plans to 
construct twenty-one new airports and up-grade ten other existing airports. They spent 
over US $ 100 million on modernisation of these airports during 1991-1992 alone. 
Iran is a geographically large and unique country, and each city has its own defining 
characteristics. There have been to date no studies showing the economic, geographic 
and/or social importance of Iranian cities. There are special social and religious events 
such as the annual "Raj" pilgrimage, which have huge effects on the demand for air 
transport in Iran. These effects and the importance of each of these cities are addressed 
in this study. 
According to Iran Air's Planning Manager, lack of network planning together with the 
absence of an adequate domestic air transport system creates unnecessary 
cancellations and delays in the system (Iran Air, 1994). These may be overcome in 
part by the development and application of an advanced computerised air transport 
network system model. 
1.1.2 Objectives of the Study 
It seems that if air transport network planning and management is to be responsive to 
the aspirations of a country, it must be sensitive to prevailing cultural values and 
social desires (De Neufville, 1970). This idea has also been expressed by Khisty 
(1985) in his work on a planning methodology appropriate for developing countries. 
Re shows that developing countries have generally adapted planning methodologies 
2 
conventionally practised in developed countries. Consequently, he says; " the results 
have not been encouraging, due to the fact that there is a dire need to evolve 
inexpensive appropriate methodology especially applicable to developing countries, 
which would help policy makers reduce the inefficiencies in transport, correct 
misguided priorities, promote equity, and enhance the quality of life". The research in 
this thesis aims to produce a practical domestic air transport network system, capable 
of dealing with strategic aspects of network planning, which has evolved from within 
a focused network planning field, capable of being defined by different issues such as 
economic, social, political, cultural, ethical, physical and environmental factors. The 
results could then help both policy makers and network planners to develop and 
implement a numerical model for planning the domestic air transport network in Iran. 
Due to the rapid expansion of domestic air transport provision in Iran and the poor 
handling and performance of resources, a full investigation of the Iranian air transport 
system is required as a precursor to achieving the main aim of the present research. 
The outcome of the research is an advanced practical air transport network system, 
which is capable of optimising passenger flows and minimising total costs. 
The four prime objectives of this research are as follows: 
a) To present and discuss the significance of key economic, social, political and 
geographical factors which characterise Iran and its major cities, together with 
their importance in the country's domestic air transport system. 
b) To examine the significance of peak periods of demand for domestic air transport 
services for specific cities with special social and religious events. 
c) To identify and explore the potential offered by different network models with a 
view to implementing the most suitable numerical model for the Iranian domestic 
air transport network. 
d) To develop, test and evaluate a numerical network optimisation model for the 
Iranian domestic air transport network, using the latest available data (1990 to 
1992). 
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1.1.3 Research Method 
Since airline deregulation in 1978, major airlines in the United States have 
experienced rising competition which has placed greater pressures on them to search 
for more advanced numerical models to make their operations more cost effective and 
efficient. Among other changes, airlines more often than not resorted to reconfiguring 
their route networks with most adopting what is commonly known as a "hub and 
spoke" system. Various researchers, including Kanafani and Ghobrial (1985) and 
Morrison and Winston (1986), have identified this phenomenon and offered 
explanations for the adoption of hub and spoke routing. The potential offered by 
different types of hub and spoke network configurations on one major Iranian airline, 
Iran Air, is the subject of investigation in the research reported here. 
A hub - and - spoke model based on the hierarchical - hub approach proposed by 
Chou (1990) is devised for the Iranian domestic air transport network, using a 
computer-based numerical optimisation model. This model is relatively interactive 
and user friendly. The outputs from the model include information based on passenger 
cost, total cost, number of passengers carried on each route and so on. The primary 
and secondary results are fulIy tabulated and appropriate figures are shown for each of 
three case study optimisation operations. 
The interactive optimisation procedure is included in the package where the user is 
able to incorporate a wide variety of different parameters such as cost and passengers 
flows. The tabulated results of each optimisation are obtained for each route in a range 
of reconfigured networks. 
1.1.4 Expected Contribution of the Research 
The total cost of travel on a transport network depends on the capital costs of the fixed 
facilities and the operating costs within the network. Attributes of the network 
influence both capital and operating costs. Total travel cost and network structures are 
not independent so a network must be developed in such a fashion so that total costs 
can be minimised and the level of service within the network can be maximised. 
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The general numerical problem addressed in this study is that of developing an 
optimised network when demand is very high and spread over a large geographical 
area. If the research objectives are successfulIy accomplished, it should provide a 
valuable basis for not only understanding the Iranian air transport network but also for 
improving its operations. 
The main contributions of this research are as folIows: 
a) For the first time, a practical numerical model based on the hub - and - spoke 
network is developed for the domestic air transport system in Iran. 
b) The effects of social, economic and geographical parameters - such as special 
social and religious events - on the domestic air transport network are identified. 
c) A comprehensive analysis of the existing domestic air transport network is 
undertaken and the main strengths and weaknesses within the system are 
identified. 
d) Effects of different passenger flows and different fare levels, together with their 
optimisation, can be identified and thus help make a potentially valuable 
contribution to both short and long term network planning of the domestic air 
transport network. 
e) By implementing this model, it can be shown that a better and more efficient 
domestic air transport service could be provided where the principal airline, Iran 
Air, could generate more traffic on all domestic routes and make real cost savings 
on its existing domestic network. 
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1.2 Framework of the Research 
The remainder of this thesis, which is divided into five parts, covers the following 
aspects: 
Chapter 2 provides an extensive review of the background to the Iranian transport 
network. The situation of Iran is presented, its physical features described and 
economic life and ethnic aspects are discussed. In addition, the significance of key 
cultural, economic and political factors of the major cities is described. The 
contemporary history of domestic air transport in Iran is also presented together with 
an account of the domestic airlines operating in the country. International airlines and 
the restrictions on airlines operating in Iran are discussed and other modes of transport 
and their importance in Iran are identified. Finally, some additional important factors 
which constrain the functioning of the Iranian domestic transport network system are 
presented. 
Chapter 3 presents a description and analysis of a hub - and - spoke network system 
together with a theory of air transport development and the integration of a hub - and -
spoke system into that theory. Hub location, bank or complex hubbing and type of hub 
are presented and discussed, and finally hub - and - spoke network design 
considerations are considered. 
Devising and implementing a hub - and - spoke numerical model for the domestic air 
transport network for Iran is described in Chapter 4. This includes an introduction to 
the Homa Hub model and Hier-hub model respectively, incorporating pre-processing 
packages, the run procedure and the structure of the Homa Hub model. Post-
processing packages and the Homa Hub optimisation procedure are then presented 
and discussed. Software development activities and the program output structures are 
also described. Finally, some limitations of the numerical model and Homa Hub input 
information respectively are discussed. 
A set of three case studies based on the Homa Hub model's results are presented and 
discussed in Chapter 5. These three case studies are described in detail. The first case 
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study is based on origin - destination data for 1992 for all 20 major cities in the 
domestic network; the second case study is of a peak month based on 1990 origin -
destination data; and the third case study is based on 1992 yearly origin - destination 
data for the 8 major cities which constitute the core network. Each of these case 
studies shows the effects of different optimisation factors on the domestic air transport 
network and the results are discussed in considerable detail. 
Finally, the main conclusions are presented and recommendations for future research 
are discussed in Chapter 6. 
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CHAPTER 2 
BACKGROUND TO THE IRANIAN TRANSPORT 
NETWORK 
2.1 Introduction 
In order to design a domestic air transport system for a particular country, it is 
essential to understand the importance of the physical, social, geographical, cultural, 
economic and political aspects of the country concerned. In this chapter these issues, 
together with the history of air transport and other modes of transport and their 
importance in Iran, have been addressed. Before designing such an air transport 
network for Iran, five such physical and social factors have been identified to be 
important. 
2.2 Situation 
The Islamic Republic of Iran is shown in Figure 2.1. It is bounded on the north by the 
Caspian Sea, Azerbaijan and Turkmenistan, on the east by Afghanistan and Pakistan, 
on the south by the Persian Gulf and Gulf of Oman, and on the west by Iraq and 
Turkey. 
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2.3 Physical Features 
Structurally, Iran is an extremely complex area and, owing partly to its political 
situation and partly to the difficult nature of the country itself, complete exploration 
and investigation have not so far been achieved. In general, Iran consists of an interior 
plateau, 1,000 m to 1,500 m (3,000 ft to 5,000 ft) above sea level, ringed on almost all 
sides by mountain zones of varying height and extent. The largest mountain massif is 
that of the Zagros, which runs the from the north-west of Iran, where the frontiers of 
Iran, Azerbaijan, Turkmenistan, Turkey and Iraq meet, first south-westwards to the 
eastern shores of the Persian Gulf, and then eastwards, fronting the Arabian Sea, and 
continuing into Baluchistan. Joining the Zagros in the north-west, and running along 
the southern edge of the Caspian Sea, is the narrower but equally high Elburz range, 
whilst along the eastern frontier of Iran are several scattered mountain chains, less 
continuous and imposing than either the Zagros or the Elburz, but sufficiently high to 
act as a barrier. The Zagros range begins in northwest Iran as an alternation of high 
tablelands and lowland basins, the latter containing lakes, the largest of which is Lake 
Urrnia. This lake, having no outlet, is saline. Further to the southeast the Zagros 
becomes much more imposing, consisting of a series of parallel hog's-back ridges, 
some of which reach over 4,000 m in height. In its southern and eastern portions the 
Zagros becomes distinctly narrower, and its peaks much lower, though a few exceed 
3,000 m. The Elburz range is very much narrower than the Zagros, but equally, if not 
more abrupt, and one of its peaks, the volcanic cone of Mt Damavand, at 5,604 m 
(18,386 ft), is the highest in the country. 
There is a sudden drop on the northern side to the flat plain occupied by the Caspian 
Sea, which lies about 27 m below sea-level, and is shrinking rapidly in size. The 
eastern highlands of Iran consist of isolated massifs separated by lowland zones, some 
of which contain lakes from which there is no outlet, the largest being the Hirmand 
Basin, on the borders of Iran and Afghanistan. The interior plateau of Iran is partly 
covered by a remarkable salt swamp (termed kavir) and partly by loose sand or stones 
(dasht), with stretches of better land mostly round the perimeter. Near the foothills the 
cultivation of the country is carried on, but the lower-lying desert and swamp areas, 
towards the centre of the plateau, are largely uninhabited. The Kavir is an extremely 
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forbidding region, consisting of a surface formed by thick plates of crystallised salt, 
which have sharp, upstanding edges. Below the salt lie patches of mud, with, here 
and there, deep drainage channels-all- of which are very dangerous to travellers, and 
are hence unexplored. Because of this great handicap from the presence of an 
unusually intractable 'dead heart', it has proved difficult to find a good central site for 
the capital of Iran-many towns, all peripheral to a greater or lesser degree, have in turn 
fulfilled this function, but none has proved completely satisfactory. The choice of the 
present capital, Tehran, dates only from the end of the 18th century. 
Iran suffers from occasional earthquakes, which can cause severe loss of life, damage 
to property and disrupt communications. A particularly bad example occurred around 
Tabas in the north-eastern Khurasan province in September 1978; estimates put the 
toll from this disaster at up to 20,000 deaths, with severe damage extending over 
2,000 sq. km. Even more devastating was the major earthquake, which struck north-
western Iran (principally the provinces of Gilan and Zanjan) in June 1990. Estimates 
put the number of those killed during the first quake and a series of severe tremors and 
aftershocks at between 35,000-40,000, while more than 60,000 were reported to have 
been injured in the disaster. 
The climate of Iran is one of great extremes. Owing to its southerly position, adjacent 
to Arabia and near the Thar Desert, the summer is extremely hot, with temperatures in 
the interior rising possibly higher than anywhere else in the world-certainly over 55° 
C has been recorded. In winter, however, the great altitude of much of the country and 
its continental situation result in far lower temperatures than one would expect to find 
for a country in such low latitudes. Minus 30° C can be recorded in the Northwest 
Zargors, and _20° C is common in many places. 
Another unfortunate feature is the prevalence of strong winds, which intensify the 
temperature contrasts. Eastern Iran in particular has a violent visitation in the so-called 
'Wind of 120 Days', which blows regularly throughout summer, reaching at times over 
160 km per hour and often raising sand to such an extent that the stone walls of 
buildings are sometimes scoured away and turned to ruins. Most of Iran is arid; but in 
contrast, parts of the north-west and north receive considerable rainfall-up to 2,000 
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mm along parts of the Caspian coast, producing very special climatic conditions in 
this small region, recalling conditions in the lower Himalayas. The Caspian coast has 
a hot, humid climate and this region is by far the most densely populated of the whole 
country. Next in order of population density comes the northwest Zagros area-the 
province of Azerbaijan, with its capital, Tabriz, the fourth city of Iran. Then, reflecting 
the diminished rainfall, next in order come the central Zagros area, and adjacent parts 
of the interior plateau, round Isfahan, Hamadan, Shiraz and Kermanshahan, with an 
extension as far as Tehran. The extreme east and south, where rainfall is very scanty, 
were for long extremely lightly populated, except in the few parts where water is 
available, by nomadic groups. Over the past few years, however, a development 
programme has been initiated, and the effects are seen in the expansion of the towns, 
some of which have grown by 30%-40% since 1972. Table 2.1 presents the summary 
of Iran population statistics. 
2.4 Economic Life 
Owing to the difficulties of climate and topography, there are few districts, apart from 
the Caspian plain, that are continuously cultivated over a wide area. Settlement tends 
to occur in small clusters, close to water supplies, or where there are especially 
favourable conditions-a good soils, shelter from winds, or easy communications. A 
way from these cultivated areas, which stand out like oases among the barren 
expanses of desert or mountain, most of the population live as nomads, by the herding 
of animals. The nomadic tribesmen have had great influence on the life of Iran. Their 
principal territory is the central Zagros, where the tribal system is strongly developed; 
but nomads are found in all the mountain zones, though their numbers are very few in 
the south and east. Considerable efforts have been made to break the power of the 
nomadic tribes and to force them to settle as agriculturists. Now, with the 
development of the economy, many nomads have moved into towns (though some 
still remain). 
Economic activity has suffered from the handicaps of topography and climate, 
prolonged political and social insecurity (with constant pressure by foreign powers), 
and widespread devastation in the later Middle Ages by Mongol invaders, from which 
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Iran has never fully recovered. Agricultural methods in particular are primitive, so 
that yields are low; but the drawbacks to efficient production-archaic systems of land 
tenure, absentee landlords, lack of education, and shortage of capital-are gradually 
being overcome. In the north and west, which are by far the most productive regions, 
a wide variety of cereals (including wheat, barley and rice) and much fruit are grown 
but in the south and east the date is the principal source of food. Table 2.2 presents a 
summary of the employment situation. 
The adverse nature of geographical conditions has greatly restricted the growth of 
communications in Iran. The country is very large in relation to its size of population. 
It is 2,250 km from north-west to south-west-and, because of the interior deserts, 
many routes must follow a circuitous path instead of attempting a direct crossing. 
Then, too, the interior is shut off by ranges that are in parts as high as the Alps of 
Europe, but far less broken up by river valleys. Road construction is generally 
difficult, but since the mid-1960s increasing effort has been devoted to providing all-
weather trunk routes between major cities for which special allocations have been 
made in the five-year plans. An important link is the railway constructed with great 
effort before the Second Word War between the Caspian coast, Teheran and the 
Persian Gulf. 
Other rail links with bordering countries already exist or are under construction. 
Although there are mountain streams, many flowing in deep, inaccessible gorges, only 
one, the Karun River, is at all navigable. The Caspian ports are subject to silting, 
while most of the harbours in the south are either poorly sheltered or difficult of 
access from the interior. However, there has been a deliberate focusing of 
development on the Gulf, in response to the enhanced economic and political status of 
the region, now one of the wealthiest parts of the world. Development occurred in the 
region of the Arvandrood in the last twenty years. However, the war between Iran and 
Iraq, beginning in September 1980, greatly impeded economic prospects, both there 
and in the Persian Gulf. Table 2.3 presents data on the growth of the economy over 
the period 1990-1993. It shows the spectacular growth in the private sector 
(,Entrepreneurial and property income' - up 349.2%) and the revenues from oil (up by 
351 %), indicating a significant increase from 1990-91 to 1992-93, which nearly 
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Table 2.1 Area, populatioo.and density of Iran 
Area(sq km) 1,648,000 * 
Pupulation (census results)Y 
22 September 1986 
Males 25;280,961 
Females 24,164,049 
Total 49,445,010 
September 1991 55,837,163 
Density (per sq km) at September 1991 13.9 
* 636,296 sq miles . 
. Y Excluding adjustment for underenumeration. 
Source: ILO, Yearbook of Labour Statistics 1992 
Table 2.2 Economically active population ofIran 
(Persons aged 6 years and over, 1986 census) 
Males Females . Total 
Agriculture, hunting; 
forestry.and fishing . 2,945,793 262,820 . 3,208,613 
Minin" and quarryin a 31,839 538 32,377 
Manufacturing 1,243.812 216,320 1,460.132 
Electricity, gas and water 88,812 2,252 91,064 
Construction . 1,198,018 9,441 1;207,459 
Trade.restauran ts and hotels 861,190 14,729 875,919 
Transport, storage and 
communications 622,136 8,568 630,704 
Enancing, insurance,real 
estate and business services 103,826 10,476 114,302 
Community, social and 2,636,551 414,392 . 3,050,943 
personal services 
Activities not adequately 47,567 364,449 
defined 316,882 
Total employed 10,048,859 987.103 . 11,035,962 
Unemployed 1,486,138 332.602 1.818,740 
Total labour force 11534,997 1,319,705 12,854,702 
Source: ILO, Yearbook of Labour Statistics 1992 
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Table 2.3 Budget statistics for 1990-1993 
('000 million rials, year ending 20 March)* 
Revenue 1990/91T 1991192IT 1992/93IT 
Taxation 4,912 5,996 4,197 
Taxes on income, profits, 
etc. 656 931 1,294 
Individual 157 259' 325 
Corporate 499 670. 967 
Social security contributions 538 433 728 
Taxes on payroll and work 
force 128 . ·122 205 
Taxes on property 145 244 248 
Taxes on flIlancial and 
capital transactions 82 99 110 
Domestic taxes on .goods 
and ser.vices 277 544 574 
Excises 93 98 100 
Profi IS of fiscal monopolies 120 359 165 
Motor vehical taxes 44 35 243 
TaXes on international trade 
and transactions 3,148 3,690 J,l06 
Import dUties 495 511 1,064 
Exchange profits 2,257 3,137 -cp 
Other current revenue 1,705 I 2,117 6,307 
Enterpreneurial and property 
income 1,148 1,411 5,157 
From nonflIlancial public 
- -
enterprises and public . 
flIlancial institutions 1,144 1,374 5,123 
Oil revenue 1,118 1,329 5,042cp 
-Administrative fees and 
charges, non-industrial and 
incidental sales 319 511 702 
Total 6,617 8,113 10,504 
Bugetary receipts . 5,631 7,498 9,518 
Social security fund 530 425 720 
EXlTabudcetrvaccounts 457 190 ·266 
Source: ILO, Yearbook of Labour Statistics 1992 
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: Table 2.4 Iranian government finance statistics for 1990-1993 
Expenditureq, 1990/911' . 1991192IT 1992/93IT 
General public services 182 233 317 
Defence 749 892 969 
Public order and safety 318 434 505 
Education 1,585 1,938 2,392 
Health 556 730 938 
Social security and welfare 1,014 1,019 1,406 
Housing and community 
amenities 435 421 601 
Recreational, cultural and 
rell "ious affairs and services 125 . 178 179 
Economic affairs & services 1,576 1,497 1,560 
Fuel and energy 191 197 167 
Agriculture, forestry, fishing 
and huntin!! 396 335 
.. 
369 
Mining and mineral 
resour<;es, mailUfacturing . 
and c6nsrruction . ·295 295 262 
· Transport and I communications 439 553 .649 
Other purposes 749 1,929 2,390 
Total 7,288 9,271 11,257 
·Current 5,480 6,534 ... 7,962 
· C~ital 1,808 2,737 3,295 
* Figures refer to the consolidated accountants of the central Government, comprising 
the General Budget, the operations of the Social Insurance Organisation and special 
(e.~tra budgetary) revenue and expenditure. Data for 1990/91 also include the 
operations of .the Organisation for Protection of Consu~ers and· Producers, a central 
govemme·nt unit with its own budget. 
r Provisional figures. 
· IT Estimates. 
q, For 1992/93 exchange profits, previously included in taxation, are included in oil· 
revenue. 
<p Excluding lending minus repayments ('000 million rials):·6 in 1990/91. 
Source: IMF, Government Finance Statistics Yearbook. 
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doubled the total revenue. Table 2.4 shows the same increases in public service 
spending, as for transport and communications, which includes domestic air transport, 
with an increase of 30% during the same period. 
2.5 Cultural, Economic and Political Identification of 20 Major Cities 
Iran is by no means a homogenous country. Its location at the cross-roads of Arabia, 
Turkey and central Asia, and the changing frontiers of the Persian Empire have helped 
to ensure that a multitude of people make their home within Iranian borders. The sheer 
diversity of the Iranian population, combined with centuries of mixing and migration, 
have. made it difficult to draw even the vaguest of boundaries for the various ethnic 
groups inhabiting present-day Iran. On the whole, ethnic strife is not a problem in 
Iran, the government being a lot more tolerant of minorities than many in the region. 
By and large the racial minorities of Iran are free to enjoy their own culture, religion 
and language. The government is heavily centralised, with all of the government 
ministries based in Tehran, creating some problems of access for people who live in 
towns and cities far from Tehran. Of the 20 major cities in Iran, eight - including the 
capital Tehran - are particularly significant with regard to the provision of domestic 
air services. The remainder of this section describes the characteristics of these 20 
cities with regard to their cultural, economic and political significance. 
2.6.1 Tehran 
Tehran province, at the southern edge of the Alborz Mountain and the northern edge 
of the Dasht-e Kavir, has an area of 29,900 sq. km. The population is now well over 
10 million, and it is the most densely populated province in Iran. The city of Tehran is 
capital of both the province and the whole nation, with a population of 6.5 million. 
From the early 1920's the city was extensively modernised and this period marked the 
start of the phenomenal population growth that continues to this day. In 1887 the 
population was 250,000, and by 1930 had only increased to 300,000. By 1939 it had 
rocketed to half a million, with the city's rapid expansion only slowing during W.W.II. 
In the 1950's with increasing prosperity especially during the oil boom, Tehran 
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developed beyond recognition, with modern tower blocks, expressways, constantly 
expanding suburbs and an unstoppable population influx, mostly from the rural areas 
of Iran. In 1956 the population was 1,800,000; in 1966 it was 2,700,000 and by 1976 
it had risen to 4,530,000. If the current population growth continues and it shows no 
signs of abating-Tehran will soon be one of the five or six most populous cities in the 
world. Tehran is the undisputed capital of Iran, by far the largest city and a leader in 
almost every filed of Iranian life, like any other capital city. 
Tehran is the centre for fianance, government activities and the main gateway for 
international traffic. Tehran has the largest international airport in Iran with five 
terminals and the new international airport; 40 km south of Tehran is completed and 
would be in full operation within two years time. There are four bus terminals, north, 
south, east and west terminals, used for coaches travelling from Tehran to most major 
cities in Iran. There is a railway station and the city's underground system is still under 
construction. There are several important museums covering every aspect of Iranian 
history, life and craftsmanship. 
2.6.2 Isfahan 
This vast province is the geographical centre of Iran, stretching from the Dasht-e 
Kavir in the northeast to within 150 km of the Persian Gulf in the southwest, and is 
criss-crossed with many of the most important ancient and modem trade routes in 
Iran. Isfahan has a population of just over one million. Isfahan has the greatest 
concentration of Islamic monuments in Iran and has long been an important trading 
centre, strategically situated in the south of modem Iran, but it came to its peak during 
the reign of Shah Abbas (1587-1629). Economically Isfahan is rich city. Isfahan has a 
large oil refinery, steel mill, railway station, long distance coach station and an 
international airport. 
2.6.3 Shiraz 
Shiraz is the capital of Fars province. Fars, which in its historical sense extends far 
beyond its present boundaries and covers much of the southern region of Iran, is 
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where the Persians or Farsis first settled and the great Achaemenian and Sassanian 
Empires were once centred. Persepolis was the greatest city of the region and is the 
principal attraction today, but is far from the only remainder of Persia at its peak. 
Shiraz, the provincial centre since the 7th century AD, claims its own glory as a 
capital of several Islamic dynasties and, perhaps more importantly, an artistic centre. 
The province has an area of 133,300 sq. km and a population of 3.3 million. It also 
has the largest number of nomads of any province in Iran (67,000), most from the 
Ghashghai tribe. Shiraz itself has a population of almost one million and lies at an 
altitude of 1491 meters in a fertile valley once farned for its vineyards. Shiraz was 
one of the most important cities in the mediaeval Islamic world and was the Iranian 
capital during the Zand dynasty from 1753 to 1794. Many of its most beautiful 
buildings were built and restored in that period. Under the enlightened Karim Khan, 
first of the short-lived Zand dynasty, who made Shiraz the national capital in 1750. 
Even through master of virtually all Persia, Karim Khan refused to take any higher 
title than Vakil (regent). He was determined to raise Shiraz into a worthy capital, the 
equal of Isfahan under Shah Abbas I. Karim Khan was a benevolent and wise ruler 
and one of the greatest patrons of the arts in Iranian history, employing more than 
12,000 workers, he founded a royal district in the area of the Arg Karim Khan and 
commissioned many fine buildings including the finest bazaar in Iran. He had a moat 
built around the city, constructed a clever irrigation and drainage system rebuilt the 
city walls. The two most famous Persian poet were born and lived in Shiraz, Hafez 
(1324 to 1389) and Sadi (1207 to 1291) both have a farnous musoleum here. Through 
it's many artists and scholars, Shiraz has been synonymous with learning, 
nightingales, poetry, roses and at one time, wine. Shiraz has a large oil refinery, long 
distance coach station and an international airport. 
2.6.4 Mashad 
Mashad is the capital of Khorasan province. This immense province in the far north 
east of Iran takes in the corridor between the Caspian Sea and the Southwest of the 
Dasht-e Kavir. This has been the funnel through which armies have passed from time 
immemorial. It is still remote and sparsely populated: at 313,340 sq. km it is larger 
than the British isles and by far the largest province in Iran, but the population is only 
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5.3 million. Mashad, its capital, is famous as a centre for a Shitite pilgrimage. 
Although much of Khorasan is mountainous, there are many fertile valleys, and the 
province produces large quantities of fruit, nuts, sugar beet and cotton. Mashad with a 
1.5 million populations used to be known for three things: religion, commerce and 
tourism. Mashad or more correctly Mashad-e Moghaddas (Mashad The Holy) is 
sacred to Shiites as the place where their eighth Imam Reza died in 817, and his tomb 
became a major shiite pilgrimage site. What had been a small village by the name of 
Sanabad grew in time into a large city, and the most important pilgrimage centre in 
Iran. In the late July to mid pilgrimage season you are likely to develop an intense 
feeling of claustrophobia. Mashad is a conservative city with a proud position as a 
pilgrimage centre and it has a special place in the economy of the country as there are 
large number of small to medium sized production factories based there. After Tehran, 
Mashad has therefore the highest level of transport activity Iran. Mashad has a railway 
station, long distance coach station and an international airport. 
2.6.5 Zahedan 
Zahedan with population of 282,000 is the capital of Sistan Va Balucheatan province, 
the second largest province in Iran, with an area of 181,00 sq. km and a population of 
1.2 million; it is also one of the most undeveloped and desolate. This province 
stretches from the southern border of Khorasan to the sea of Oman, bounded to the 
east by Afghanistan and Pakistan and to the west by the provinces of Kerman and 
Hormozgan. Sistan, the north east pocket of the province Jutting into Afghanistan, 
was once a fertile agricultural area and the seat of many ancient Kingdoms, but it is 
now largely barren, hampered by swamps and salt lakes and prone to fierce blizzards 
which bend every tree permanently southwards. Baluchestan, the main part of the 
province is exceptionally arid and inhospitable supporting little more than bananas 
and dates for cultivation. Zahedan is the nearest town to the only legal crossing point 
into Pakistan. There is a colourful mixture of people living or passing through 
Zahedan- Baluchis, Persian, Afghanis, Pakistanis and naturalised Sikhs. Zahedan has 
a very important strategic position and it has railway station, long distance coach 
station and an airport. 
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2.6.6 Chabahar 
Until very recently, the sea of Oman port of Chabahar (also Chah Baha or Bandar-e 
Chabahar) was extremely isolated, but since Iran Air opened a much needed air link 
with the interior it is now the most accessible of all the towns of Baluchestan proper, 
although certainly not by road. The town is still predominantly Baluchi in population 
and character, culturally and economically allied with the Pakistani province of 
Baluchistan only 90 km to the east. Bangladeshis and others cross here without a visa 
or passport. The airport is actually at Konarak, 6.0 km by road from Chabahar. 
2.6.7 Bandar Abbas 
The hot, humid and largely barren Hormozgan province, named after the strait of 
Hormoz which it guards, has an area of 66,870 sq km. The provincial capital is 
Bandar-e Abbas with the population of 201,600. This city overlooking the strait of 
Hormoz is the busiest port in Iran. In the summer it gets exceedingly hot and very 
humid. Despite its links with Shah Abbas I, who founded the town in 1622, its 
population is largely of Arab, Negro or mixed stock, with a large Sunni minority. The 
small but long-established Hindu community has its own temple. It is the only truly 
acti ve international port on the northern shores of the Persian Gulf. The city has 
grown remarkably over recent years and significant sums have been invested in the 
building of a large modern port, Bandar Shaid Rajai, 3 km west of Bandar Abbas. 
There is a railway line under construction from Sirjan to Bandar Abbas and it has an 
international airport 
2.6.8 Bandar Lengeh 
The main port for Jazire-ye Kish, Bandar Lengeh (simply Lengeh to the local), has an 
area of 12,750 sq km with the population of 35,000 was until quite recently a small 
fishing village. It has now grown into a small town, its rise in the world marked by 
the introduction of an air link to Shiraz and Tehran. The population is half Sunni and 
half Shitite. 
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2.6.9 Kerrnanshah 
Kermanshah province has some of the most interesting and famous archaeological 
sites in this part of Iran, dating from before recorded history through to the Islamic 
era. It is largely mountainous and the soil fertile. The province has an area of 23,700 
sq. km and a population of 1.47 million. Kermanshah with a population of 561,000 is 
an important station on the ancient trading route to Baghdad and is by far the largest, 
most populous and busiest of the cities of west Iran. After several centuries of relative 
peace and prosperity, its strategic position on the road to Baghdad brought trouble in 
the form of very heavy Iraqi missile and bomb attacks during the Iran-Iraq war. The 
city has, throughout its history, usually been known as Kermanshah or 
Kermanshahan- the city of the kings of Kerman -because its founder had formerly 
been governor of Kerman province. At an altitude of 1322 metres it is the only city in 
western Iran on Iran Air's schedule. Most of the population is Kurdish. 
2.6.10 Busher 
Occupying a narrow coastal strip north and south of the city of Busher, this province 
is a modern and largely artificial creation. It has an area of 27,650 sq. km and a 
population of 579,000. Without a doubt Busher (Bandar-Busher sometimes known in 
English as Bushire), with a population of 121,000 is the most pleasant of the larger 
cities along the Iranian shores of the Persian Gulf. Busher has an interesting history, 
much of it tied up with the colonial era. The peninsula on which it stands is in fact the 
site of one of the earliest ports of the Persian Gulf. The original settlement at Rishahr, 
12 km south of modern Busher, may have been founded in the time of Ardashir, or 
even as early as the Elamite era. In mid 19th century, Busher became the seat of the 
British political residency on the Persian Gulf and the town was even occupied by the 
British from 1856 to 1857 and during W.W.!. With the completion in the 1930's of the 
Trans-Iranian railway, which bypassed Busher in favour of the ports of Khuzastan, 
Busher began to decline. The city was of some importance to the navy in the Iran-Iraq 
war, but most of its commercial activities collapsed, to the benefit of the less exposed 
Bandar Abbas to the east and the port is still largely idle. Most of the population is of 
Arab origin; Busher has a long distance coach station and an airport. 
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2.6.11 Ahvaz 
The province of Khuzestan in the far south west of Iran is probably best known for its 
oil, but this vast plain is also an important agricultural area with many date and sugar 
plantations. Khuzestan province covers 67,300 sq. km with a population of 2.7 
million. Although the indigenous population is largely Arabic in origin and language, 
the Arab culture only predominates in the smaller places outside the provincial capital 
of Ahvaz. The province is still recovering from the devastating effects of the Iran-Iraq 
war. Ahvaz has a population of 561,000 and is an industrial city spanning both banks 
of the river Rudkhune-ye Karun. It owes its prosperity to the discovery of oil at nearly 
Masjed Soleiman in 1908. Although the origins of the city date back to Parthian 
times, there is no longer anything of historical interest in the town and it was 
devastated by unremitting Iraqi bombardment throughout much of the Iran-Iraq war. 
A great deal of work has been done on rebuilding the city and its oil -based industry. 
Ahvaz has a long distance coach station, railway station and an international airport. 
2.6.12 Kish 
Kish Island occupies 77 sq. km with a population of 1760. It is largely flat, sandy and 
uncultivated, with a high point of 45 metres. It is very hot and humid in summer. It 
has no known oil wells. Despite the forbidding climate and lack of oil wells, Kish 
Island is that great oddity in post revolutionary Iran, a runaway economic success 
story. In effect it is semi-autonomous under its own council, the Kish Island 
development organisation (Kido, or Sazman Omran Kish), that in turn is directly 
responsible to the President of the Republic. Kish is Iran's first free port. In the 
middle ages Kish become an important trading centre under its own powerful Arab 
dynasty, and at one time it supported a population of 40,000. The Island was known 
for the quality of its pearls. Shortly after the revolution the new regime appointed a 
team of managers under K1DO to establish Kish as a free port, taking advantage of the 
facilities already in place. The pace of development over recent years has been 
remarkable, outstripping anything found on the mainland, but without the usual 
concentration on building great numbers of new mosques. K1DO is extremely 
successful in business terms. It also intends to develop Kish as a top-class regional 
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holiday centre. Kish is a place apart, it has its own distinctive flag and even the 
vehicle registration plates are marked in both English and Persian, unlike anywhere 
else in Iran. In fact almost everything is marked in English, in preparation for what is 
hoped will be a great influx of foreign visitors in the near future. The Arab settlement 
is at the town of Saffein on the north coast and the small oasis village of Baghu in the 
south west of the Island. The airport is to the south of the centre of the island and there 
are regular flights from Tehran and Shiraz. 
2.6.13 Orumiyeh 
Orumiyeh has a population of 301,000 and lies at an altitude of 1312 meters on a large 
and fertile plain to the west of the lake of the same name and is famous for its white 
seedless grapes, apples, other non-citrus fruit and tobacco. Despite its relatively 
remote position, cut-off from the interior by a vast salt lake, it does lie on a trade route 
with Turkey that is increasing in importance and helping to relieve the pressure on the 
overburdened main road between Erzurum and Tabriz. Christians make up something 
like one third of the population of Orumieyh, probably the highest proportion of any 
large city in Iran. The city's population is a mixture of Azaris, Kurds, some Persians 
and the various Christian denominations. There is a long distance coach station and an 
airport. 
2.6.14 Tabriz 
Tabriz has had a spell as the Persian capital and was for many years, until quite 
recently, the second city of Iran. Today it is a sprawling industrial and commercial 
centre of 971 ,000 people. The capital of Azarbayjan Sharghi is an oasis town in an 
enclosed valley. Tabriz has for many centuries lain on the main trade corridor between 
the northern part of Iran and the outside world, but its outlying position and 
vulnerability to foreign invasion, which makes its history interesting, also stunted its 
development. Although the early history of Tabriz is shrouded in legend and mystery, 
the city's origins are believed to date back to distant antiquity, perhaps even before the 
Sassanian era. It was capital of Azarbayjan in the 3rd century AD and again under the 
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Mongol II-Khanid dynasty, although for some time Maraghe supplanted it. Tabriz 
was the residence of the crown prince under the Ghajar Shahs, themselves of Turkish 
stock, but the city did not return to prosperity until the second half of the 19th century. 
The greatest boost to Tabriz came with the opening up of Persia to the west at the turn 
of this century, when it became the main staging post between the interior of Iran and 
the Black Sea and for a short time, the economic capital. In 1908 it was the centre of a 
revolt against Mohanmad Ali Shah, which was only put down with the brutal 
intervention of the Russians. It was occupied by Russia several times in the first half 
of this century, including most of both World Wars; it was they who built a railway 
line to the border at Julfa. The city fell even more rapidly into decline after the 
Russian Revolution, which all but closed its north west corridor to Europe. The 
railway line into the former USSR was of little importance until recently, but it 
increased in significance in the 1990's as a result of Iran's friendlier relations with its 
northern neighbours. The line to Turkey was not in operation for some years during 
the Iranian revolution, but has recently reopened. Tabriz regained its commercial 
importance after w.w.n. There is a railway station, long distance coach station and an 
international airport. 
2.6.15 Kerman 
The province of Kerman is the third largest in Iran, with an area of 180,000 sq. km, 
but its population is only 1.6 million. Its north east area takes in much of the Dasht 
Lut desert and most of the province is largely steppe or sandy desert, although there 
are some oases where dates,' oranges, pistachios, cereals and arable crops are 
cultivated. In view of its barren nature, the province is very dependent on ghanats 
(underground water channels) for its irrigation. Relatively isolated by land, its main 
outlet was for many centuries through the seaport of Bandar-Abbas to the south, but 
trade in this direction has declined over recent years and the province is in a state of 
economic regression. Kerman with a population of 250,000 is the capital of Kerman 
province and has a long turbulent history and it has only for short spells enjoyed peace 
and prosperity at the same time. Believed to have been founded in the early 3rd AD 
by Ardashir I, founder of the Sassanian dynasty, it was from the 7th century ruled in 
turn by the Arabs, the Buyids, the Seljuqs, the Turkomans and the Mongols and then 
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until the Ghajar dynasty by a further succession of invaders and local dynasties. 
Kerman was restored to security under central government in the last century, but its 
relative remoteness has denied it any great prosperity in recent times. Kennan has a 
railway station, long distance coach station and an airport. 
2.6.16 Yazd 
Bordered by the great land masses of Khorasan, Kennan, Fars and Isfahan province, 
Yazd with a 70,011 sq. km in area and population of 582,300 is almost unrelieved 
desert except for the provincial centre of Yazd and a few other towns where most of 
the population lives. Midway between Isfahan and Kerman, Yazd with a population 
. of 230,500 is particularly interesting for its relationship with its desert environment. It 
stands on the border between the northern salt desert, the Dasht Kavir and the 
southern sand desert, the Dasht Lut. At an altitude of 1230 meters, Yazd can be quite 
cold in winter, but it is very hot in summer. Yazd was also an important religious 
centre for Pre-Islamic Zoroastrians, and there is still a substantial minority of 
Zoroastrians today, probably around 12,000, more than in the rest of Iran put together. 
It has always been a great weaving centre, known for its silks and other fabrics, even 
before Marco Polo passed through on the Silk Road in the late 13th century. Although 
Yazd dates from Sassanian times, its history is fairly undistinguished. It was 
conquered by the Arabs in about 642 and subsequently became an important station 
on the caravan routes to central Asia and India; the city is also known for its 
distinguished historians and clerics. Yazd has a railway station, long distance coach 
station and an airport. 
2.6.17 Sary 
The largely rural province of Mazandaran, with an area of 46,500 sq. km and a 
population of 3.5 million, stretches from eastern Gilan to the frontiers of Khorasan 
province and the former Soviet republic of Turkmenistan in the north west and is 
flanked to the south by the provinces of Zanjan, Semnan and Tehran. The provincial 
capital is Sary, which is of much less commercial importance than Rasht in Gilan. 
Almost the whole length of the southern Caspian Coast is very densely populated, 
26 
with almost continuous settlement along many of the main roads. Because of its 
slightly more favourable conditions, it attracts Iranian holidaymakers. The origins of 
Sary are lost in the mists of antiquity, but it is known to have been the first capital of 
the province (then known as Tabarestan) from perhaps as early the Sassanian era until 
8th or 9th century. Sary has a long distance coach station and an airport. 
2.6.18 Rasht 
The largely rural province of Gilan with an area of 14,700 sq. km and a population of 
2.1 million was independent until the 16th century and still has its own distinctive 
dialect and dress. The province extends from the Caucasus in the north west to the 
western edge of Mazandaran and is bordered on the west by Azarbayjan and Shiraz 
and on the south by Zanjan province. Its capital is Rasht with a population of 291,000. 
It is the most important city in the whole region and its main port is Bandar Anzali, a 
town at the mouth of the Mordab Anzali lagoon. This is the wettest part of Iran and 
produces rice, silk cocoons and tea, which is nowadays the major agricultural 
speciality of Gilan. A road crosses into the former Soviet republic of Azarbaijan at 
Astara but the Caspian passenger ferry between Bandar Anzali and Baku has been out 
of operation for some years. Rasht is seven meters below sea level and IS-km inland 
from the Mordab Anzali (Anzali Lagoon), to which it is connected by the Seyah Rud. 
Rasht is the largest settlement of the southern Caspian and the industrial centre of the 
region. Only 324 km north of Tehran along a good motorway, Rasht is a very popular 
weekend or holiday destination. Nowadays Rasht is the centre of distribution for the 
local rice and silk cocoon industries, although the cocoon industry has declined in 
recent years. Rasht has a long distance coach station and an airport. 
2.6.19 Abadan 
Abadan with a population of 294,000 is the front line city with Iraq. A tiny village 
until 1910, Abadan does not rank very highly in history and culture, but it would 
deserve a chapter of its own in any book about the international oil industry. Pre-
Revolutionary Abadan was one of the most important places in Iran for foreign 
western influences, exploiting its new found oil wealth. For another, Abadan really 
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did look the most un-Iranian of cities, built up as if overnight in a highly ordered 
fashion, with clearly defined quarters for each rank of refinery worker. When the 
Iran-Iraq war started, the remaining foreigners left and waves of locals also sought to 
escape from the incessant Iraqi bombardments. The Iran-Iraq war largely destroyed 
Abadan and virtually razed the neighbouring city of Khoramshahr to the ground. 
Rebuilding Abadan is still continuing. Abadan has a railway station, long distance 
coach station and an international airport. 
2.6.20 Khark 
Thirty-one nautical miles north west of Busher, this small coral island, also known in 
English as Kharg, is the only island of any size in this part of the Persian Gulf. 
Although Khark is best known today as one of the world's most important crude oil 
pumping stations and for the devastation wrought on it during the Iran-Iraq war, the 
island does have a history of some importance. It is believed to have been under 
Elamite control from the 3rd millennium BC and it was later settled by a succession of 
communities. After the introduction of Islam the island was known for its large pearl 
industry, but with the increase in colonial activity in the Persian Gulf from the 16th 
century, Khark was picked out by several powers as a strategic naval and training 
station. It was controlled by the Dutch for some years until 1766, when it was 
recaptured by Persian forces but seized in turn by the British in 1838. The oil terminal 
was extensively damaged by Iraqi bombardments during the Iran-Iraq war, but the 
new refinery is being extended and output is already at pre-war levels. Khark Island 
has an airport and there are regular services from Tehran and Shiraz. 
2.7 History of Air Transport in Iran 
The year 1925 marks the beginning ofthe airline industry in Iran, as in this year a Bill 
was passed by the Parliament whereby a German company named lunkers was 
awarded the exclusive right to operate domestic commercial air services in Iran, and it 
was gradually able to expand its services to a number of neighbouring countries. 
Several years later when the lunkers company's contract was terminated, the Fars 
Company subsequently changed to Iranian Airways, the first national commercial 
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airline staffed by Iranian personnel to start commercial operations. In 1961 the 
airline was officially renamed Iran National Airlines, which was finally changed to 
IRAN AIR, THE AIRLINE OF THE ISLAMIC REPUBLIC OF IRAN, after the 
Islamic Revolution in Iran. 
Iran Air was established with an initial capital stock of 200 million Rials in cash and 
property, with a total number of 700 employees, and it took direct responsibility to 
operate an airline system for domestic and international flights. Due to the rapid 
development of its activities by 1977, the total number of personnel was 8,734 and 
was a reflection of its daily increasing domestic and international flights. Currently, 
Iran Air employees over 10,000 personnel throughout its domestic and international 
network service. The initial fleet of Iran Air consisted of DC-3's, DC-4's and 
Viscounts with a total capacity of 552 passengers. In March 1965 Iran Air entered into 
an agreement with the Boeing Company for the lease of one B727 and the purchase of 
two additional aircraft of the same type. Thereafter the Homa bird, which historically 
symbolises good luck and good fortune (dating back to the Persepolitan times), 
stretched its wings beyond the borders of Iran to European countries. Purchasing the 
most advanced and modem aircraft and equipment has further enhanced Iran Air's 
rapid development. At the present time, Iran Air's fleet consists of 22 Boeing, 5 
Airbus and 6 Fokker aircraft. Figure. 2.2 presents the Iran Air fleet specifications. 
After the victory of the Islamic Revolution, Iran Air stimulated by the new guidelines 
aimed its activities towards passengers, to provide better and improved services. 
However, the war with Iraq interrupted such services, but at the same time it opened 
new horizons in different fields. After the war air transportation of essential goods 
became necessary, and Iran Air felt the necessity to establish a new cargo fleet. The 
functions rendered by the original fleet in the war years had been remarkable. One of 
the most important activities of Iran Air, the Raj Pilgrimage, is and has always been 
given top priority. Previously the Haj Pilgrimage was always carried out by other 
airlines under a charter agreement, but after the Islamic Revolution, Iran Air 
undertook the carriage of Iranian Raj Pilgrims and proudly hosts pilgrims to Mecca ( 
(The Holy City of Islam). In 1982 Iran Air carried 43,000 Nigerian Moslem Pilgrims 
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in addition to its own Haj commitment and successfully completed these operations. 
This was remarkably successful and has been recorded in the history of the airline. 
Iran Air international flights now link 24 major cities with Tehran. These include 9 
flights a week to Europe with non-stop flights to London! Paris! Hamburg! Frankfurt! 
Geneva! Rome! Athens and Istanbul, whilst eastwards Iran Air flies regularly to 
Karachi! Bombay! Kuala Lampur! Beijing and Tokyo. Regionally, Iran Air has links 
with the Persian Gulf States, including Dubai! Shatjahl Baharian! Kuwait! Doha! Abu-
Dhabi and 5 weekly flights to Damascus. More recently, Iran Air expanded its 
network by flying to Central Asian cities such as Baku and Ashkabad. 
In July 1993 Iran Air introduced a new service called Homa Class, offering first class 
service at Club Class fare levels, which is more than comparable with the standard 
offered by many other international airlines. During 1990 Iran Air carried 4.1 million 
passengers on its domestic and 0.71 million passengers on its international routes. 
There is a large demand for air transport in Iran due to low regulated fares; thus Iran 
Air has typically had a 40% overload and the load factors for domestic flights have 
been in the high 90's. In terms of strategic management Iran Air has a short term 
annual planning procedure and a medium term 5 year plan, but it cannot make reliable 
long term plans because of the unpredictable nature of the domestic economy and a 
volatile exchange rate. 
Iran Air has invested a great deal in airports in Iran (mostly in Tehran Airport) -for 
example, 95% of the ground equipment is owned by Iran Air. Although the airports 
are owned by airport authorities, most of the operations are undertaken by Iran Air, 
with all the airlines including Iran Air having to pay landing and other airport charges 
to the airport authorities. Iran Air is a public company, but it is run as a company with 
commercial responsibilities; so far it has been very successful in the international 
market, especially in the Middle Eastern sector. 
On domestic operations because of the government restrictions and regulations on 
fares, Iran Air has to maintain artificially low fares. However, the government has in 
recent years allowed Iran Air to make sharp increases. The fares have increased some 
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200%, but even with this sharp increase, the fares are still not at break-even point. 
The medium tenn policy of the airline is to increase fares gradually until the break-
even point is met. On international routes the fares are more stable and very 
profitable, especially in the Middle East regions. The high profits from international 
routes have effectively been subsidising the domestic market and that is why Iran Air 
is very keen to increase its operations on international routes especially in the Middle 
East. Iran Air has bought several new aircraft and has plans to buy several more to 
replace its ageing 747's. To cope with the increasing demand, Iran Air has leased 
aircraft from Russia to operate some of its domestic sectors. 
Iran Air's domestic network for 1994 is illustrated in Figure 2.3. This shows the 
operational significance of three airports in particular - Tehran to the north with 1.7 
million passengers, Isfahan to the south with 300,000 passengers and Mashad to the 
east with 500,000 passengers. Iran Air's domestic daily flight schedule in 1994 is 
shown in Table 2.15. This shows that many city-pairs have a level of service of only 
one or two flights per week (for example, Shiraz-Busher with one a week, Isfahan-
Mashad with two per week and Tehran-Sary with two per week) compared with others 
(for example, Tehran-Shiraz with seven per day, Tehran-Isfahan with six per day and 
Tehran-Mashad with seven per day) where frequencies are an order of magnitude 
higher. The network structure and flight frequencies are based on direct flights only; 
there are no interconnections and no through ticketing facilities. 
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Cities: teh~an(l),lsrahan (2), Shiraz (3), Mashad (4), Zahd;n (5), Chabohar(6), Bandorabbasa (7), Bandarlengeh (8), 
Kermanshahon (9), Busher (10), Ahwaz (11), Kish(l2), Urmieh (13), Tabdz (14), Kerman (15), Yazd (l6) .. So<,), '(17), Rash! 
(18), Ab.dan (19), Khark (20). ' 
Fig 2.3 Showing the route network for Iran Air 1994. (Il'an Air 1994) 
Table.2.S iShowing daily flight frequency for Iran Air 1994. ,CO) There is no direct flight, 
, , between two cities, C*)frequency per week ' 
, , 
City 1 2 3 4 5 6 ' 7 8 9 10 ,11 12 13 14 15 16 17 18 19 20 
1 0 ,6 7, 7 2 6" 5' I 2 2 3 4" 3 4 2 3' 2" 6" 2 '0 
2 6 0 2 2" 2" ' I" 3" 0 2" I" I 0 0 0 0 0 0 0 0 0 
3 7 2' 0 2" 0 0 1 1 2" I" I 2" 0 0 0 0 0 0 0 3" 
4 7 2" 2" 0 0 I" I" 0 I" 0 0 ,0 0 0 I" I" 0 0 I" 0 
5 2 I" 0 I" 0 3" 0 0 0 0 0 0 0 0 I" 'I" 0 0 0 0 
6 6" 0 0 I" ' '3" 0 3" 0 0 0 0 0 0 0 0 0 0 0 0 0 
, 7 5 3" I I" 0 3" 0 0 0 0 I" 2" 0 0 0 I" 0 2" 0 2" 
8 I 0 I 0 0.· 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 2 2" 2" 0 0 0 I" 0 0 0 0 0 0 0 0 0 0 0 0 o ' 
10 2 I" I" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '2" o· 0 
11 3 I I I" 0 0 I" 0 0 0 0 0 0 0 0 0 0 o . 0 0 
12 4" 0 2" 0 0 0 2" 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2" 0 0 
14 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0, 0 2" 0 0 
15 2 I" 0 0 I" 0 0 0 0 0 0 0 0 O. 0 0 0 0 0 0 
16 3 0 0 I" I" 0 I" 0 0 0 0 0 0 0 0 0 0 0 0 0 
17 2" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
18 6" 0 0 0 0 0 2" 0 0 2" 0 0 2" 2" 0 0 0 0 0 0 
19 2 0 0 I" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 3" 0 0 0 2" 0 0 0 0 0 0 0 0 0 0 0 0 0 
Source: Iran Air 1994 ' 
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2.8 Domestic Airlines Operating in Iran 
Air transport in Iran is a growing business, but before 1989 private airlines were not 
given a licence to operate and only three airlines existed: Iran Air, Asseman Airways 
(which started in 1980) and Saha Airways (which belonged to Air Force). In 1989 the 
law was changed and any private company may now set up an airline in Iran 
providing they can satisfy the requirement of the Civil Aviation Authority. As a result 
several small airlines have recently been given licences to operate on domestic routes. 
2.8.1 Asseman Airways 
Asseman Airways was set-up in 1980, by dissolving six small private airlines which 
were operating before the Iranian revolution. Asseman Airways like Iran Air is a 
public company and the second largest airline operating in Iran. It is run as a 
commercial company. Since 1989 it has been very active and is expanding rapidly. It 
also has a few international routes, including flights from Lar to Abo-Dabi and 
Sharjeh in the Persian Gulf. Assernan Airways fleet consists of 24 small to medium 
size aircraft (typically Fokker 80s and lOOs being the largest) with a total capacity of 
, 
427 seats. In 1988 the total number of passengers carried by Asseman Airways was 
460,000. On domestic routes it also operates charter services. The government dictates 
Asseman Airways air fares and the prices are kept artificially low but it receives some 
subsidy from the central government. Tables 2.6 to 2.8 present the summary of 
Asseman Airway Company statistics. 
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. Table 2.6 Asseman airways fleet specification 
Capacity No.Of Type Of Air,rafl. 
Aircraft 
85 2 F 28 
44 1 F 27 
44 2 Fairchild 
10 3 Falcon 
5 11 Aero Commandr 
8 3 Cheften. 
8 2 BNI 
. 24 Total· 
Sourc.e: Assemari Airways. 1990 
,Table 2,.7 Number and capacity of the aircraft in Asseman's fleet for 
1981-1988 
Year 
85 88 87 86 85 84 83 82 
Descripti"on 
24 24 30 31 .32 32 32 3i No. or. 
Aircrafts 
427 427 475 485 495. 495 495 495 Total Capacity 
Seats 
Source: Asseman· Airways 1990. 
. . 
Table 2.8 Number of flights, flights time, passengers carried by· 
. Asseman airways fleet 
Distance Passenger Flight Number .Description 
Covered Carried· Time Of 
1000 Km Hours Fliahts Year 
1982 175941 2770 1453 81 
2640 231348 3640· 4514 82 
3752 315588 5377 7050 83 
4004 347540 . 6036 6420 84 
3246 260509 4940 5093 85 
2768 252929 4104 4295 86 
4686 423657 6945 7202 87 
2289 230097 3426 3676 * 88 
25367 2237609 37238 39703 Total 
.. Data Only Available For The 1st Six Month~ or 88 
Source: Asseman Airways 1990 
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Saha Airways 
Saha Airways is part of the military Airforce. As the Airforce had surplus aircraft and 
there was a high demand for air transport in Iran, they decided to run a domestic 
airline. Their passenger aircraft are B737 and B727 which are used to carry troops, 
with not so comfortable seats and by passenger airline standards offer a very basic 
service. Saha Airways activities are mostly in carrying cargo and it has weekly cargo 
services between Tehran and Singapore. 
2.8.3 Kish Air 
Kish Air started in 1991 under the auspices of the Kish development organisation. All 
of their fleet is leased mostly from Far East or Eastern block countries. Kish Air 
operates some domestic routes and international services to the Persian Gulf area, 
Dubai, Frankfurt, London and Paris. 
2.8.4 Mahan Air 
Mahan Air was formed in 1993. Like Kish Air their fleet is leased and they operate 
; 
some domestic routes and a very small nuniber of international routes mainly in the 
Persian Gulf region. 
2.8.5 Other Airways 
Since 1989 there has been a number of other licences given for private airlines to 
operate domestic services. These are companies with airline licences but no aircraft to 
their name and leasing seems to be very attractive, reducing the capital required on 
ground and maintenance. Most of these small airlines are keen to get a profitable 
international route, especially Middle Eastern sectors. 
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2.9 International Airlines 
Alitalia, British Airways, Air France, Kuwait Airways, Lufthansa, Malaysia Airlines, 
Quantas Airways, SAS and Swissair are some of international airlines flying into Iran. 
There are six entry airports for international flights: Tehran, Isfahan, Shiraz, Mashad, 
Tabriz and Bandarabbas. For most of the airlines Tehran is the entry airport, but 
flights from the Middle East could land at any of the six international airports. There 
, 
are no international airlines apart from Iran Air operating domestic services in Iran. 
2.10 Restrictions on Airlines in Iran 
The Iranian Civil Aviation Authority is a bureaucratic organisation with a Minister. It 
is responsible for airports, licensing of pilots, airline licensing, safety, airspace and 
bilateral agreements on air transport. Prior to 1989, the air transportation network was 
under public ownership and no licences were given to private companies. In 1989 a 
law was passed through Parliament permitting private companies to set up airlines. 
ICAA issues licences and the only considerations are financial and commercial 
suitability and fitness of the company. There are no restrictions on routes or flight 
frequencies. Since 1989 several licences have been issued and some of them have 
. ~ 
already started operating with aircraft leased from other countries and others _ still have 
no aircraft to operate. They cannot yet be considered as competition t6 the two 
dominant domestic airlines, Iran Air and Asseman Airways. 
2.11 Other Modes of Transport and Their Importance in Iran 
Like most countries in the world, road transport is by far the largest mode of transport 
used in Iran. Railways are not extensive and some of the major cities are without 
railways. Iranian Railways carries seven to eight mi11ion passengers per year, whereas 
air transport carries five million passengers every year, followed by inland waterways. 
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2.11.1 Road Transport 
Road transport is the largest transport network in Iran both for freight and passenger 
transport. There are no accurate data available on public road transport but it is 
estimated that about 100 million O-D trips are made by public road transport every 
year. There is a good road transport network operating in the way of regular coach 
services between the main cities. There are about twenty large to medium size coach 
companies operating between most of the cities in Iran and lots more small companies 
operating minibuses between smaller cities. The accurate data on passengers carried 
by these companies are not available, but there are some data available on larger 
companies. The larger companies are called Taavoni. Their structure is such that they 
are privately owned companies but the government subsidises the cost of spare parts, 
oil and filter and tyres and even the coaches are sold to the companies at low prices on. 
very low finance rates; in return they have to operate on a government set tariff. The 
government sets the ticket prices and these are monitored on a regular basis. There are 
very strict regulations with regard to travel time between cities and the length of time 
a driver is allowed to drive each day. The government has no control on smaller 
companies operating minibuses between towns. There are very few motorways and 
the rest of the roads are not of a high standard, and as a result journey times are 
considerably higher than they should be- for example, a journey between Tehran and 
Shiraz which is about 1,000 km takes about 18 hours, which is an average of 55 km 
per hour (33 mlhour). The same journey by air takes one hour. In 1989 there were 
490 km of motorways, 18,044 km of paved main roads, 33,275 km of paved feeder 
roads, 49,398 km of gravel roads and 52,120 km of earth roads. There is a paved 
highway (AI, 2,089 km) from Bazargan on the Turkish border to the Afghanistan 
border. The A2 highway runs 2,473 km from the Iraqi border to Mir Javeh on the 
Pakistan border; 2,422 km of the A2 has been completed, and the remaining 51-km is 
under construction. Government has a long-term plan for a massive investment in road 
infrastructure. One factor in favour of road transport is the very low cost of fuel, at the 
present time petrol is at 250 Rials per litre (about 2p per litre). 
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2.11.2 Rail Transport 
The Islamic Republic of Iran Railways (Rah.e Ahan Jomhuri-ye Eslami-ye Iran as it is 
known) runs trains that are comfortable, efficient and reasonably fast and, because 
public transport is heavily subsidised, extremely cheap. However, the service is not 
extensive and there are several large cities without a rail link (most notably Shiraz). 
Tehran is the hub of the rail network, with passenger trains running to the east 
(Mashad and Gorgan), southeast (Isfahan, Yazd and Kerman), southwest (Ahvaz) and 
west (Tabriz and Jolfa, for Baku and Moscow). Iranian Railways carries between 7 to 
8 million passengers per year. The total length of main lines in the Iranian railway 
system, which is generally standard gauge and single-tracked, is 4,847 km. The 
system includes the main routes shown in Figure. 2.4 as follows: 
1) Trans-Iranian Railway runs 1,392 km from Bandar Turkaman on the Caspian Sea 
in the North, through Tehran and south to Bandar Imam khomeni on the Persian 
Gulf. 
2) Southern line links Tehran to Khorrarnshahr via Gorn, Ark, Dorood, Andimeshk 
and Ahwaz; 937 km. 
3) Northern line links Tehran to Gorgan via Garmsar, Firooz Kooh and Sary; 499 
Km. 
4) Tehran-Kerman line via Kashan, Yazd and Zarand; 1106 km. 
5) Tehran- Tabriz line linking with the Azerbaijan Railway; 736 km. 
6) Tabriz-Julfa Electric line; 146 km. 
7) Garrnsar-Mashad line connects Tehran with Mashad via Semnan, Damghan, 
Shahrud and Nishabur; 812 km. 
8) Gom-Zahedan line when completed will be an intercontinental line linking Europe 
, 
and Turkey, through Iran, with India. Zahedan is situated 91.7 km west of the 
Balochestan frontier, and is the end of the Pakistani broad gauge railway. The 
section at present links Gom to Kerman via Kashan, Sistan, Yazd, Bafq and 
Zarand; 1,005 km. 
9) A branch line from Sistan opened in 1971 via Isfahan to the steel mill at Zarrin 
Shahr; 112 km. A broad gauge track connects Zahedan and Mirgaveh, on the 
border with Pakistan; 94 km. 
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10) Zahedan-Guetta (Pakistan) line 685 km; not linked to national network. 
11) Ahwaz-Bandar Khomeini line connects Bandar Khomeni with the trans-Iranian 
raiiway at Ahwaz; this line is due to be double tracked; 112 km. 
12) Azerbaijan Railway line extends from Tabriz to 10lfa (146.5 km), meeting the 
Caucasian railways at the Azerbaijani frontier. Electrification works for this 
section have been completed and the electrified line was opened in April 1982. A 
standard gauge railway line (139-km) extended from Tabriz (via Sharaf-Khaneh) 
to the Turkish frontier at Razi. 
13) Bandar Abbas-Bafq a 630-km double-track line to link Bandar Abbas and Bafq 
has been under construction since 1982. The first phase, linking Bafgh to Sitjan 
(260 Km), was opened in May 1990; the second phase was expected to be 
completed by 1994. The aim of the project is to provide access to the copper 
mines at Sar-cheshmeh and the iron ore mines at Gole-Ghar. 
14) Underground Railway: an agreement was signed in March 1976 between the 
municipality of Tehran and French contractors for the construction of a subway. 
Four lines are to be built with a total length of 143 km. Construction began during 
1978, but the project was suspended after the revolution in 1979. Work on two of 
the lines resumed in September 1986 and was completed in March 2001. There are 
plans to extend railway lines and upgra4e the existing lines. 
Tables 2.19 to 2.24 present a summary of Iran Railway Company statistics. 
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Table 2.9 History of Iranian railway 
Route Leng.ht OfThe Line 
( km) 
Tehran-Bandar Imam 
Khomeni 928 
Bandar Turkaman-
Tehran 461 
Gorgan- . 
Bandar Turkaman 35 
Tehran-Tabriz 736 
Garmsar-Mashad 811 
Ahvaz·Khoramshar 121 . 
Gom-Zarand 847 
Zarand-Kerman 80+492 
Sistan· .. - . Karkh·~eh zonahan 111 
Tabriz-lolfa 148+500 
Tofian-Turkey border 192+564 
NUriaveh-Zahedan 94+400. 
Source: Iranian· Railway 1992 
. Table 2.10 Number of passenger travelledin different region 
with the class of travel 
I 
I 
1' 
I: 
I 
I 
Region .lst Class 2nd Class· Economy None Paying 
Passenger 
.South 117.166 379.290 116.766 20.242 
Lorestan 39,347. ·271,966 . 461.578 . 41.538 
Irdk 28,417 222.679 351.207 8.163 
Tehran . 1,312.?03 945,369 59,344. 415,199 
North 2.863 453,487 
-
10,438 
North East 37,439 285,875 - 30,020 
Kh·orasan 288.160 700,450 8.263 160,486 
North West 128,628 410.635 - 29,034 
AZllrbie:an 130,493 59,348 329 37.832 
Isfahan 32,947 22.179 - 16.675 
South East 37.761 68,844 17,407 39.652 
Total 2,164,424 3,820,122 1,014,894 809,279 
Source: Iranian Railway 1992 
Total .. 
633,464 
814,429 
610,466 
2,741.115 
466788 . 
353,334 
1,157,359 
568,297 
228,002· 
71,801 
163,664 
7,808,719 
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Table 2.11 Passenger.revenue of Iranian railways. 
-
Region 1991 1992· 
, 
(Rials) (Rials) 
South 781,225,570 806,943,560 
Lorestan 414,107,105 496,436,090 
Irak 230,919,310 . 287,243,830 
Tehran 3,343,746,850 3,717,874,570 
North 76,895,095 83,867 ;390 
-North East . 210,654,740 222,079,110 
Khorasan 1,622,352,170 1,684,577,420 
North West 406,415,805 449,104,310 
Azarbigan 265,006,322 315,998,940 
Isfahan 12,223,790 85,439,214 
South East 148,020,245 217,661,865 
Total .... 7,511,567,002 8,367,226,299 . 
, 
Source: Iranian Railway 1992 
. . 
Table 2.Ii Length of the Iranian and localliIies by region . 
Region _ LengthOfThe Length Of The 
Main Line (Km) Local Line (Km) 
North 381 13,041 
Tehran 435 131,654 
Irak 293 84,996 
Lorestan 214 81,103 . 
South 386 53,470 
North West . 467 8,011 
Azarbiian - 468 60,356 
North East 477 7,679 
Khornsan 334 17,338 
Isfahan 623 149,306 
South East 413 50,3 3 I 
Zahedan 96 . 
Totol 4,587 594,285 
Iranian Raiiway 1992 
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Table 2:13 . A summlji"y of the performnnce of the Iranian railway netwod{ . 
--
Description South Lorestan Irak Tehran North 
Area Region Region 
Length of the track (km) 386 212 . 293 435 381 
Personel 2,722 2,727 . 2,162 .' 3,859 2,884 
No of passenger 633,464 814,429 610,466 2,721,115 266,788 
P/Km 256,354,718 323,462,803 240,221,126 . 1,841,982,526 81,158,734 
Goods tons 3,327,234 272,096 268,182 267,670,831 308,283 
T/km 1,920,602,204 196,478,349 126,247,247 1,856,877 ,556 165,729,253 
Transport of oil 
. products (Tones) 33659 20,507 2,070 1,966,668 26,857 
Revenue from passenger 
(Rials) 
, 
Revenue from Exess 
806,923,560 ·496,436,090 287,243,830 3,712,874,570 83,867,390 
Bagage(Rials) 20,520,280 34,927,980. 19,663,290 315,868,952 10,569,800 
Revenue from goods 
(Rials) 7 079,322,876 731,786,5) 8 438,260,377 59,339,036,722 558,992,572 
Total Revenue (Rials) 8,630,235,659 1,322,810,310 . 818,514,650 11,399,251,582 70,315,582 
Iranian Railway 1992 
Table 2.14 Timetable of Iranian railway 
Destination Frequency Journey TIme Fare> . Express 
(Per week) Mox Min .. 1st closs 2nd closs Supplement 
regular express hrs mins 
Ahvaz 7 21 1730 
Andimeshk· 7 28 1440 
Arak 7 28 645 
8andar-e Torkman 7 21 10 CD 
8ehshohr 7 21 1051 
Damqhan 7 28 820 
Esfahan . .. - .3 945 
Gha emshahr 7 21 500 
Ghazvin 7 17 335 
Ghbm 7 24 320 
Gorqan 7, 21 1045 
Jolfa 2 2015 
, Kashan 3 440 
Kermon 3 1735 
KhorramshahrOO 
Maraghe 7 17 1320 
Mashhdd 7 •. , '2 18- 25 
Meyane 7 17 935 
Neishcibur 7 28 1605 
Sari 7 21 745 
Semnan 7 28 345 
Shahrud 7 28 805 
Sirjan 3 1645 
Tabriz •.. '1 14 15 
Yazd 3 1220 
Zanjan 7 17 650 
• Exclusive of 5'1'0 tax ond 20 rials insurance fee . 
•• Service t empororily suspended . 
_hrs mins 
1555 
1410 
530 
1000 
10 51 
705 
945 
500 
250 
255 
1045 
2015 
'·440 
1735 
12 15 ' 
'-'11 00 
825 
1345 
.745 
305 
705 
1645 
1350 
1220 . 
605 
... Weekly turbotren (superexpress); (express 15 hours 40 minutes) 
.... Including two services weekly to Jolfa 
Iranian Railway 1992 
(rials) (rials) (rials) 
34CD 1870 1110 
28CD 1540 .. 910 
14CD 710 460 
2CXX) 1100 . 650 
-
18CD 990 590 
1600 880 520 
32CD 1760 1040 
1600 880 520 
600 330 200 
8CD 440 260 . 
20CD 1100 650 
·3600 1981 1170 
. 12CD 660 390 
4000 2530 1500· 
3800 2090 520 . 
2460 1350 800 ' 
3800 2090 1520 
1800 990 , ·590 
3200 1760 1040 
1600 880 520 
lOCD 550 330 
1800 990 590 
4600 2530 1500 
3COJ 1650 980 
32CD 17.60 1040 . 
14CD 710 460 
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2.11.3 Inland Waterways 
There are very few inland waterways in Iran. The principal waterways are: Lake 
Rezaiyeh (lake Uromia) 80 km west of Tabriz in north-west Iran; and River Karun 
flowing south through the oil fields in to the River Arvand Rood, hence to the head of 
the Persian Gulf near Abadan. On Lake Rezaiyeh from Sharafkhaneh to Golman 
Khaneh, there is a twice-weekly service of tugs and barges for transport of passengers 
and goods. On the River Karun regular cargo Moesopotakina-Iran Corpu Lid operates 
services. Iranian firms also operate daily motor boat services for passengers and 
goods. 
2.11.4 Shipping 
(i) Persian Gulf: 
The main oil terminal is at Kharg Island. The principal commercial non-oil ports are 
Bandar Shahid Rajai (which was officially inaugurated in 1983 and handles 9m. of the 
l2m. tons of cargo passing annually through Iran's Persian Gulf ports), Bandar 
Khomeni, Bushehr, Bandar Abbas and Chah Bahar. A project to develop Bandar 
Abbas port, which predates the Islamic Revolution and was originally to cost 
l,900,OOOm Rials, is now in progress. Khorramshahr, Iran's biggest port, was put out 
of action in the war with Iraq, and Bushehr and Bandar Khomeni also sustained war 
damage, which has restricted their use. In August 1988 the Iranian news agency 
announced that Iran was to spend US $200m on the construction of six 'multi-purpose' 
ports on the Persian and Caspian Seas, while ports which had been damaged in the 
war were to be repaired. 
(ii) Caspian Sea: 
Principal ports are at Bandar Anzali and Bandar Nowshahr. There are regular services 
for the transport of passenger and goods to these ports. 
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2.12 Significant Factors To Be Considered 
The sheer diversity of the Iranian population together with the area of 1,680,000 sq. 
m, the fifth largest country in Asia and very rich in natural resources, such as oil, gas 
and other minerals, makes Iran a unique country to design and operate an air transport 
network for. Each city has its own characteristics and economic and political 
importance. In designing a domestic air transport network these factors must be taken 
into consideration. Iran Air is the national airline carrier and although there are other 
airlines operating in Iran, they are not considered to be in serious competition. There 
is a high demand for air transport due to the fact that airfares are kept artificially Iow 
and compared to other modes of transport, airfares are considered to be very good 
value for money. There are no accurate data on public road transport but it is believed 
to be about 100 million O-D trips per year. Railway lines are being extended to cover 
the major populated cities but at the present time there are many large cities without a 
rail link. Railways are responsible for carrying seven to eight million passenger trips 
per year and domestic airlines are carrying five million passenger trips per year. To 
relieve the high demand on air transport brought about by Iow fares and the lack of 
good road and rail transport, the government has to make more investment in these 
modes of transport. Finally, any domestic air transport network has to give priority to 
the airline's goals and objectives. In the case of Iran Air, which is nationally owned, 
the objectives are service and accessibility for all regardless of where they live and to 
make Iran Air more efficient with higher aircraft utilisation. 
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CHAPTER 3 
THE HUB AND SPOKE NETWORK 
3.1 Introduction 
This chapter discusses the theory of air transport development as well as different 
types of hub and spoke networks, together with hub location, competition, traffic 
density and congestion, facilities and political considerations. Finally, the concept of a 
hierarchical hub (called Hier-Hub) network and its design considerations are 
discussed. This provides a foundation for the development of a suitable route network 
to be presented in Chapter 4. 
Since deregulation of the domestic commercial aviation industry in the United States 
in 1978, many airlines adopted a routing and scheduling strategy known as "hub and 
spoke". The concept is so named because of the similarity of such a network to a 
wheel, and involves the funnelling of passengers from outlying centres via spoke 
routes to one or more centrally located hub airports at which, because of co-ordinated 
flight schedules convenient connections to other centres in the network can be made. 
The operation of hub and spoke, or radial, networks has come under increasing 
scrutiny in recent years because of congestion from the large volume of and extreme 
peaks in arrivals and departures at hub airports. Despite the resulting strain on the air 
traffic control (ATC) system from using the hub and spoke strategy, its use 
nevertheless allows both airlines and passengers to realise a number of benefits. 
According to the US Federal Aviation Administration's (FAA.1990) definition, air 
traffic hubs are geographic areas, and are based on the percentage of total passengers 
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enplaned in the area. Communities with scheduled commercial air services are 
classified into one of four types of hub: large, medium, small and non-hub. A hub 
based on this definition may have more than one airport. For example, the Los 
Angeles hub area covers four airports (Hollywood-Burbank, Long Beach, Los 
Angeles International and Orange County). Since the enplaned passenger volumes are 
associated with network nodes, this classification system is useful to show the 
concentration pattern of air traffic at hubs. However the connectivity pattern of 
linkages in a network is not considered in this definition. Its value to hub location 
models is thus limited. In addition, this classification is based on aggregate data of all 
certificated route air carriers. It cannot, for example, show how network structures of 
individual airlines are different from each other. 
Fortheringham and O'Kelly (1989) define hubs as a type of facility located in a 
network in such a manner so as to provide a switching point for flows between other 
interacting nodes. This definition represents the orientation of hub location models, 
which focus on the optimal linkage pattern for traffic flows between interacting nodes 
in a network. For analysing hub network structures, this orientation is a more 
appropriate approach. Prior to the creation of hub and spoke systems in the US there 
were two main types of service, non-stop and multi-stop. Non-stops provided direct 
services where as multi-stops allowed services to smaller points, albeit with the dual 
disadvantages of extended journey times and, usually, low service frequencies. Multi-
sector flights though have many disadvantages. As O'Kelly (1984) notes, intermediate 
stops also mean additional payments of airport landing charges, reductions in aircraft 
utilisation, more periods of inefficient operation at low speeds and extra costs of 
airport handling. Given these disadvantages the direct flight clearly has its attractions 
both in terms of operating efficiency and customer preference. Why then do airlines 
not simply concentrate on a network of direct services only? The simple truth as 
Wheeler (1989) notes is that of the hundreds of thousands of airport pairs in the 
United States, only a small number are able to generate sufficient traffic to make 
scheduled non-stop services profitable. A similar situation is true for Europe. Thus for 
many, indeed the overwhelming majority, of city pairs, whether intra-US or intra-
Europe, direct service is not a realistic option. This becomes particularly true for long 
haul flights. As Ybarra (1989) shows, "local" traffic makes up only a small proportion 
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of the long haul traffic mix. Hub and spoke systems can address the issues of 
providing a high level of service over many city pairs (via a hub) whilst generating 
high levels of operational efficiency for airlines. The aim of this chapter is therefore to 
deal with issues of air transport development, in particular hub and spoke network 
theory, hub location models, and the advantages and disadvantages of hub and spoke 
operations and different types of hub. 
3.2 A Theory of Air Transport Development 
Higher standards of living and mobility of contemporary society have led to an 
increasing use of air transport. In the case of road, rail and air transport systems, this 
has produced an important impact on the physical landscape. These systems are 
almost always developed in order to meet a specific demand. Transportation studies 
have concerned themselves with physical layout, the origin and destination of 
passenger and cargo movements, and the character of transport centres, in which the 
essential elements are access (i.e., to activity sites) and mobility (i.e., the ability to 
move between them) (Hanson, 1986). Little attention was paid, however, to the 
development process and the planning of transport geography. This process has been 
repeated in many places overtime, thus creating a particular geographic pattern, and 
which has led to the specification of general models of the transport development 
process. i 
Reviews of the literature on geographical studies of transportation usually begin with 
Ullman (1954,1973), who used topology to explain spatial interaction. However, the 
broad outline of the transport development process was first demonstrated by Taaffe, 
Morrill and Gould (1963), who developed a descriptive generalisation of a typical 
sequence of transportation development. This was later continued by Rimmer 
(1967,1973) who adopted and improved the model in the search for spatial regularities 
by comparing the changes in the evolution of New Zealand and Australian seaports. 
The critics of transport geography, which was at the forefront of empirical quantitative 
geography, claim that it had become entrapped by its own narrow emphasis on 
network analysis and mechanistic models, and also too enamoured of the details of 
rational behaviour, such as minimisation of costs and distance (Knowles, 1993). This 
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theoretical approach has not changed substantially, despite the criticism of it as more 
descriptive modelling (Sayer, 1982). Yet the critics failed to indicate which 
methodology ought to replace it. The quest for an explanation based upon 
generalisations and the search for universal empirical norms continued during the 
1990s in the work of Bell and Cloke (1990). Research on the. development of air 
transport has focused mainly on the operating conditions of airlines, airport and 
government regulatory bodies, as described in the work of Gidwitz (1986), Taneja 
(1988), Kasper (1988) and O'Connor (1989). Many researchers have examined 
network development and operations in air passenger services. Pioneer work in this 
field began with Ferguson and Danzig (1955) and continued with Miller (1963), 
Simpson (1966), Pollack (1974), Richardson (1976), Kanafani (1981), Morrison and 
Winston (1986), Teodorovic (1988) and Shaw (1993). Various models were 
concerned with the optimal location of hubs in the post-deregulation period, such as 
the studies by Meyer and Oster (1984), Kanafani and Ghobrial (1985), and Philips 
(1987). Others discussed issues such as the competition and management of passenger 
services at hub airports and the significance of industrial concentration, as in the work 
of Graham, Kaplan and Sibley (1983), Gelrnan and Salop (1983), Morrison and 
Winston (1986) and Kling, Curtis and Thomas (1991). Optimal location of hubs has 
had a particular implication for cargo shipping, as shown by O'Kelly (1986). Non-
modelling studies have focused on airline economics and regulation, such as those by 
Meyer and Oster (1981), Levine (1987), Kahn (1989) and Wheatcroft and Limpman 
(1990). DeNeufville and Gordon (1972), Devaney and Garges (1972), Chestler 
(1985), Spiller (1989) and Brown (1991) offered the economic advantages of the hub-
and-spoke network. All these efforts, however, suffered from an over-concentration 
on airline operations. Defining a problem and specifying simplistic assumptions can 
end up with a model which may substantiate an airline's operation in actual practice, 
but do little to explain the development process behind it or its outcomes. This is 
particularly significant in the context of a developing country such as Iran. The 
literature cited above is primarily concerned with the developed world and the 
importance of commercial and profitability considerations associated with such a 
culture. In a country like Iran, as Chapter 2 highlighted, the political objectives of 
service provision and domestic accessibility are the over-riding considerations. No 
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literature on airline development specific to this contrasting cultural context was 
found even after extensive literature search. 
The development of air transport systems may be seen as a process of expanding 
spatial ties between points and the creation of a hierarchical system of network links. 
The act of air travel implies a number of independent decisions taken by individuals 
and organisations, which are essential for the existence of an aviation transport 
system. Individuals who want to travel, thus creating total demand, take the first 
decision. The supply is represented by airlines that operate a fleet of aircraft servicing 
different routes and airports, making air traffic possible between these points. 
Although the commercial airline market place operates primarily on the economic 
mechanisms of supply and demand, these interactions and decisions do not suffice to 
sustain a system. Political considerations also constitute an essential component of the 
necessary set of decisions, due to the jurisdiction of each country over its land area 
and air space. 
Airlines have an inherent tendency toward the gradual elimination of competition, 
with a resultant monopoly (O'Connor, 1989). The economic rationale behind this is 
very simple. In a competitive situation an airline can easily enter a new market. 
However, the presence of multiple carriers in the market might result in inefficient 
operations (hence losses) for most carriers. Consequently, economies-of-scale 
pressures tend to eliminate small carriers who are unable to compete with their large-
scale counterparts. Furthermore, mergers and acquisitions of airlines result in a 
monopolistic (or oIigopolistic) system. In practice, economies of scale decrease costs 
only up to a certain point and a monopolistic system is not likely to occur. In addition, 
government intervention and national prestige often keep small national carriers in the 
market, even when they are losing money. The result is that the airline industry is 
traditionally treated in the professional literature as a monopolistic competitor, and 
this is the hypothesis followed by the Douglas and Miller (1974) theory in most 
studies. This assumption allows for a particular treatment of the two dominant 
elements: flight scheduling and level of service. For someone on a short business trip, 
a convenient flight schedule would be the most important element, whereas for a 
family holiday trip, a competitive airfare might be the major consideration in choosing 
a holiday resort. As a result, airlines usually make careful observations of passenger 
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composition on different flights. Reducing pnces on a flight used primarily by 
businessmen might not be as effective as the same tactic on flights to attractive 
vacation resorts. Similarly, the offer of more frequent flights with convenient arrival 
and/or departure times may be a more efficient way of luring businessmen. In 
addition, in developing countries, fares may have been kept artificially low and as a 
result there would be a large demand for air transport. 
Air transport should therefore be considered as a multi-attribute commodity, where a 
number of service levels are available to a prospective traveller, all providing the same 
basic service, but differing in other aspects. The operation standards of airlines are of 
greatly differing qualities and differentiated by, for example, their scheduling 
operation, organisation, political factors, cultural and economic factors, ownership and 
size. By using the spatial evolution of air service patterns we may explore the changes 
in these attributes, although this study focuses in particular on the case of developing 
countries where political, cultural and economic factors have an over-riding 
consideration over commercial decisions. A transport network can be said to be 
formed when different points in space are linked together into a uniform structure. 
The topological air network shown in Figure 3.1 (based on Goodovitch, 1992) 
consists of a series of points (i.e., cities or airports) which are normally linked together 
by air routes consisting of two-directional flights. A flight can link two points by a 
one-leg flight, or it can link points through a multi-leg route, which consists of a flight 
with intermediate stops, usually termed stopovers. It is a partial three-dimensional 
representation of the air network. Lines which intersect and share the same crossing 
point do not imply the existence of a node, whose traffic may be diverted from one 
route to another, such as is the case in rail or road transport. Although two arcs may 
cross one another, they do so without intersecting, as they bypass each other in 
another dimension. 
According to this theoretical approach, there are six main phases in the sequence of air 
transport development. In the first phase, a 'scattered airports' service exists between 
various airports, which is intermittent and disorganised. In the second phase, 
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'penetration routes', we see the beginning of a scheduled service, although on a very 
limited scale, and gradually air routes begin to develop between cities. In theory, the 
inter-city connection ought to lead to the third phase of 'maximum connectivity', in 
which city-pair routes are linked up to all cities. This is, however, a very inefficient 
phase, as a total of fifteen routes are required to link up all the cities in our six-city 
example. A more efficient spatial network configuration is achieved through a 'fully 
connected network' before this phase is fully realised. Compared with the case of 
maximum connectivity, only ten routes serve our six cities. The fifth phase, 'hub-and-
spoke', is allied to the growth of an efficient operating system. The efficiency of the 
hub and spoke network is clear when compared to the previous two phases. A central 
hub facility enables the re-routing of all flights through one central hub airport for a 
total of only six routes. In the final phase, 'de-hubbing', these economies are taken 
one step further by the use of feeder route and stopover flights to reduce the number of 
aircraft required to link all cities and reduce total 'block hours'. Since each city is 
linked to only one of the hubs, the spatial organisation of traffic will change in one of 
two ways: either inter-city traffic linked to the same hub will stop at the hub and then 
continue on to its destination; or, if the cities are linked to different hubs, then the 
traffic will make another stop and pass through the route connecting the two hubs. 
The characteristics of air service in each of the six phases are different and after a 
through examination we can better understand the operating mechanisms behind this 
process of air transport development. Several factors affect air transport development 
and the demand for air services, such as fares or ticket price, flight frequency and 
flight amenities (i.e., seating comfort and the quality of the food served). The result is 
that the number of passengers on each flight may differ, and are not always related to 
passenger revenues. For this reason airlines may be more concerned with the number 
of paying passengers and profit margins rather than with the actual output (Le., 
passenger-kilometres). Yet, airline output may become a significant attribute at a hub 
airport with restricted slots, where it may not be possible to increase an airline's level 
of service, for example by adding more flights. In addition, the traffic volume and 
flow between cities plays a major factor in the spatial location of hubs and their role in 
the development process. Traffic at each airport includes three types of flights: direct 
flights, transfers, and connecting flights. Airports are ranked by volume and type of 
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flights either beginning or tenninating at the airport, which can produce both a hub 
hierarchy and a spatial order of airports. The locations of the hubs move further apart 
as the scale effect of the inter-facility linkage increases. In such a case a lower-order 
system of air transport facilities and services may develop in conjunction with a 
higher-order system. For the purposes of this chapter, the characteristics of hub and 
spoke networks and the attributes of hub locations are discussed further. 
3.3 Hub and Spoke System 
Hub and spoke networks enable an airline to compete on many more city pairs than 
would the same volume of services over a point-to-point linear system. Commercial 
benefits may also flow from increased market control and spreading of risks. Since 
de-regulation in the US, airlines have therefore concentrated their resources on to 
certain major airports, which consequently became their hubs. Hub and spoke has 
become the dominant airline-operating pattern. As Calli son (1991) noted, over 85% of 
US origin and destination traffic begins or ends in one of the nation's 38 large hubs, 
whilst as lenks (1990) observed the major US airlines essentially consist of their hubs. 
The hub, as noted earlier, has an ability to link a large number of city pairs at higher 
frequency than would be viable with direct services. Consider the example set out by 
lenks (1990): an airline is operating 8 aircraft serving four cities to the east, four to the 
west and a point in between. Let us suppose the 8 aircraft connect each east spoke to 
each west spoke 3 times daily through the hub. Now compared to a non-hubbed non-
stop operation assuming similar aircraft utilisation, the same 8 aircraft can operate 
non-stop in the 16 city pairs only once a day (and the mid point would be under-
served). The hubbed operation offers 72 city pairs a day. This is less than a third of the 
hub operation. Further, the traveller on the non-stop pattern has only one arrival and 
departure time whereas the hub pattern offers 3 departures and 3 arrivals (a choice of 
nine combinations in total). 
As Wheeler (1989) demonstrates, as the number of routes emanating from a hub 
increases there is an exponential increase in the number of origins and destinations 
(O-D) served, shown by the fonnula (N' - N) 12 where N is the number of spokes in a 
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network including the hub. Thus for a network comprising 5 spokes plus a hub, the 
number of markets served is: 
9.' - 6 or 15 O-D markets. 
2 
However, adding an additional spoke gives a disproportionate increase 
in markets: 
l' -7 or 21 O-D markets. 
2 
A hub with 10 spokes serves 55 O-D markets but a hub with 20 spokes serves no less 
than 210 O-D markets. This advantage increases in proportion to the square of the 
number of routes or 'spokes' operated from the hub and is demonstrated in Table 3. 1. 
Number Of Number Of . Number Of Markets Total 
_ ... 
Spokes Connecting Terminating At The Pairs 
Markets Hub SerVed 
.. -
n 
.!1.Cn:ll n . rrfn+ 1) 
2 2 
2 1 2 3 
6 15 6 21 
10 45 10 55 
I 
50 1,225 50 1,275 
100 4,950 100 5,050 
(Rigas Doganis) 
Source: Doganis (1985) 
Table 3.1 Growth in power of a hub 
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City 
Thus the prime benefit of a hub and spoke system is the ability to offer service at 
high frequency to a large number of low-density city pair combinations. Wheeler 
(1989) notes other advantages for an airline thus: 
a) It can earn higher than normal fares on non-stop routes (spokes) that it 
monopolises. 
b) The large number of 0 and D markets reduces dependence on any particular 
market and minimises the risk involved in adding a new route to the system. 
c) It can provide a wide range of routings enabling passengers to be retained on-line 
allowing the whole fare to be retained rather than a pro-rata portion. 
d) The variety of routings through a hub provides maximum efficiency and flexibility 
in the use of crews and aircraft. 
Corresponding disadvantages are: 
a) Hub and spoke systems are based on peaks as 'waves', 'complexes', or 'banks' of 
flight arrivals and departures, and this contributes to congestion and delay at major 
hub airports. 
b) Extendedjoumey times for passengers. 
c) Consolidation at hubs means highly peaked demand for airport resources such as 
gates and handling staff. 
d) Deiay through congestion or weather at a hub can cause system wide disruption. 
It should be noted that on the first advantage (that of higher fares), the major US hub 
airlines are keen to demonstrate that hubbing is not anti-competitive (see Callinson 
1991), and that competition is available both through different airlines serving a single 
hub and the range of services available via different hubs. Callinson quotes the 
example of Savannah Georgia to Los Angeles with a daily choice of 18 different 
connecting services by 5 airlines using 4 different hubs. 
3.4 Hub Location 
Although an airline may have a freedom to enter and exit cities at will, and therefore 
the option to move hubs as markets and traffic flows change, the expense and 
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difficulty of moving hubs can severely limit an airline's ability to do so. 
Consequently, the decisions of where to place a carner's hub or hubs is important. 
The following aspects should be considered in selecting hub location: local traffic 
base, central location, potential competition, traffic density and congestion, and 
facilities and political considerations. 
3.4.1 Local Traffic Base 
The hub must generate a significant amount of O-D traffic, thus allowing the carner to 
compete effectively for high-yield local traffic and, consequently, to minimise 
dependence on lower yield flow traffic as in the example of Wheeler (1991). This is 
seen as a reason for the success of United Airlines in Chicago, American Airlines in 
Dallas and Continental Airlines in Houston. It is particularly desirable to have a hub 
located in a city with high origin and destination volumes and to achieve a high 
market share of passengers originating in and destined for that city. Carners that 
achieved this ideal include US Air in Pittsburgh, TWAin St Louis and Northwest in 
Minneapolis. Each of these airlines carned close to 80 percent of the locally 
originating passengers at the hub city. In the case of Iran, as Tehran is the capital city, 
it has most of the originating traffic and indeed is one of the attractions of Tehran as a 
potential hub. 
3.4.2 Central Location 
Another important factor in determining hub location is that it be centrally located. A 
hub should be located near to or at the weighted midpoint of the network that it serves 
in order to minimise elapsed journey times and in order to maximise efficiency in the 
use of aircraft and crew whilst minimising fuel bum. This location is dependent on the 
nature of traffic that a hub is to serve for not all hubs have similar patterns. In the US 
there are Mid-West hubs whose role is to serve primarily East-West transcontinental 
flows, whereas hubs like Raleigh Durham serve mainly an East Coast North/South 
role. 
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3.4.3 Competition at a Potential Hub 
In order to maximise yield an airline will seek a hub that lacks a major competitor 
airline. Thus using the US example, all major hubs are primarily one or two carrier 
, 
hubs. There are no examples of hubs being used as such by more than two major 
airlines. Hubs strategically situated in certain cities to serve a particular traffic flow 
but used as a hub by other carriers usually generate low yields on those carriers 
mutual non-stop services. These low yields are a result of the intense competition that 
exists on such routes. Wheeler (1989) gives Denver as an example of a strategically 
situated city that generates low yields, since both Continental and United both use 
Denver as a hub. The desirability of being the only hub operator in a city, combined 
with the intensity of competition at multi-carrier hubs, is illustrated by the fact that 
there are currently no airports continually used as a hub by more than two major 
airlines. 
3.4.4 Traffic Density and Congestion 
There is a trade-off between traffic destiny and congestion. Densely populated areas 
offer the attraction of a high volume of 0 and D traffic balanced against probably 
congested airports, whereas less congested points may have a smaller traffic base. In 
some cases this dilemma is overcome at multiple airport cities where it is possible to 
hub at the less congested airport whilst retaining access to the O-D traffic. Hubs 
located in smaller cities have included Piedmont in Charlotte and Day ton, American 
in RaleighlDurharn and Nashville,'and Braniff in Kansas City. In practice US airlines 
have been evolving a multi-hub system with the key players seeking hubs to serve 
each of the major traffic flows. This suggests at least 3 hubs to serve the East coast 
(North/South), transcontinental (East-West) and West coast (North/South) based on 
the H pattern of US domestic flying. Where congestion occurs, new bypass or mini 
hubs can be developed (as in the case of American's RaleighlDurham hub in 
Nashville). 
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3.4.4 Facilities and Political Consideration 
Finally, political considerations may be one of if not the most important factor in 
developing countries in selecting the hub location. The capital cities tend to be the 
target for most investment in airport and related facilities for airlines to operate. For 
example, in the case of Iran, Tehran has the largest airport with facilities to 
accommodate a large hub and Iran Air has based its headquarters and most of its 
facilities in Tehran. For Iran Air to select its main hub in any other city would be very 
costly commercially and may not get government permission. Therefore, for 
developing countries the hub locational models that are used purely in the commercial 
environment may not work because of their political unfeasibility. 
3.5 Bank or Complex 
An essential requirement of any serious attempt to maximise the potential of an 
airport as a hub is to concentrate activity into a limited number of peaks or waves 
during the operating day (Dennis, 1988). These should see a large number of inbound 
flights arriving in a short space of time, then departing again as soon as a sufficient 
interval in which to redistribute passengers and their luggage has elapsed. Each pair 
, ~ 
of arrival and departure waves is described as a bank or complex of flights and hence 
this method of scheduling is referred to as 'complexing' (Dennis, 1988). Wheeler 
(1989) provides useful guidance on network design and practical scheduling 
considerations. In terms of network design, guidance is given primarily from the view 
of an on-line carrier. One suggestion relates to aircraft cycle time with the desirability 
of these being either of similar duration or of multiples, where the round trip block 
times of the shorter route should be a fraction of the round trip times on the larger 
routes. The advantage is efficiency in aircraft utilisation with turnaround times at the 
spokes being minimised, yet the aircraft returning during, rather than ahead of, a 
wave. (As an aside, different airlines use different terms for the groups of arrivals and 
departures, but banks, complexes and waves can generally be taken as synonymous.). 
In practice this becomes more of an issue for feeder carriers than with major airlines 
whose schedules tend to be driven by their own hub. A key consideration is the 'bank 
length' described by Wheeler as the fundamental decision that needs to be made early 
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in the scheduling process regarding how much time should elapse between the anival 
of the last inbound flight from that bank (i.e. the period during which all flights 
, 
participating in a bank are scheduled to be on the ground). There are a series of trade-
, 
offs between bank length and efficiency. A short bank length minimises passenger 
, ',' 
waiting and improves aircraft utilisation. However, delayed inbound aircraft can 
result in missed connections. A long bank time reduces this possibility but at the cost 
of convenience and efficiency. Times are also related to walking distances between 
gates although inconvenience can be minimised by careful stand selection putting 
flights with high transfer volumes close together. Also aircraft may be scheduled to 
operate through the hub rather than turn. In this way passengers may get the benefit of 
a through flight albeit with a stop. As Wheeler shows, given bank length and the 
number of flights involved, it is possible to calculate the number of banks possible at 
an airport. Given a 30-minute bank length with say 40 anivals on 2 runaways, the 
total pattern would take approximately 90 minutes from first anival to last departure. 
This would allow up to 12 banks in a typical 18 hour operating day and it is certainly 
possible to see 10 or more at major US hubs. 
Having identified bank length, it is then necessary to determine the timing and 
directionality of the banks, the aim being to give attractive departure and anival times 
at the spokes whilst maximising operational efficiency. The pattern can be built up 
from flights serving busiest markets with others slotted in as possible. There is a fairly 
standard pattern to a day with people starting their journeys between say 0700 and 
1200, whilst returns begin from 1600 with an anivals bank at the destination being 
needed by, say, 2100. Turning to directionality, a bank can serve all directions 'omni-
directional' or be 'directionalised'. In the first case connections are made between all 
points and it is presumed that these are sufficiently dispersed that virtually every 
connection over the hub is viable. This would be true of US mid west hubs for 
example. In the case of directional hubs, say to the south, it is presumed that 
passengers aniving from the north will only connect to southbound flights but will not 
connect north to north. In this case the airline will schedule flights for one direction at 
a time, i.e. northbound arrIvllls!southbound departures, southbound arrivals! 
northbound departures. This pattern is less peaked and makes more efficient use of 
ground facilities. Indeed Wheeler (1989) notes that newer hubs tend to be directional 
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and that North West rescheduled its Memphis hub from 4 omni-directional banks to 6 
directional banks. A final consideration is that each day should begin with an 
inbound bank of flights. Unless this is so the flights at the beginning and end of the 
day will be dependent entirely on point to point traffic. A consequence of this though 
is that aircraft stop overnight at the spokes rather than the hub. For some carriers this 
has implications for fleet maintenance. Instead of maintaining aircraft at base, this has 
to be done at the spokes (possibly on a progressive rather than block maintenance 
system with smaller parcels of work being done each night). Crews also have to night 
stop at the spokes, which can add to costs. However, the benefit to the passenger is 
that an early 'departure from the spoke gives a wide range of connections at the hub 
with the prospect of a same day return on the last hub to spoke inbound. 
3.6 Type of Hub 
Hubs are central facilities that act as switching points in a network connecting a set of 
interacting nodes (0' Kelly 1986). Since the advent of airline deregulation in the US, 
domestic carriers have been free to adjust their route networks for operational 
efficiency and/or marketing advantage. Different types of hub and spoke networks 
have been adopted by almost all of the major carriers. In this next section different 
types of hub systems are considered and defined. 
3.6.1 Single Hubs 
Figure 3.2 shows the single hub. This is the simplest hub and spoke system with a 
single central facility, the hub is the only node directly linked to all other nodes and 
all flows must be directed to it before reaching their destinations. The single hub can 
be of either simple or complexing type. Simple hubs are ones where the flights on 
various spokes operate independently of each other. In contrast, in complexing hub 
operation, flights on all spokes are timed to arrive and depart from the hub within a 
short period of time, allowing passengers travelling beyond the hub to make 
connections between flights on various spokes and thus reduce their travel time. A 
single hub is used by smaller airlines with not many nodes in operation. One 
advantage of a single hub is that there is only one hub station and capital investment is 
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concentrated at the hub. For a developing country like Iran this could be an 
important (actor in operating a hub and spoke system 
3.6.2 Directional Hubs 
Figure 3.3 shows an East-West directional hub. Some airlines choose to operate only 
that set of routes which generate a large amount of connecting traffic at the hub. These 
tend to be routes which operate in East-West or North-South orientations, but not 
both. Routes in a perpendicular direction tend not to be viable. Airlines may use 
, 
directional hub, if they are constrained by the number of gates given to them at the 
hub: a directional orientation is likely to maximise the number of potential 
connections between flights and thus increase carrier revenues. Stations North or 
South of the hub either are not served by this airline or, alternatively, are served via 
another hub operated by the airline. Examples of this are given by American Airlines 
operating predominantly East-West hub operations at Chicago and Dallas! Fort 
Worth, and North-South oriented hubs at Nashville and RaleighlDurham; of course, at 
hubs like RaleighlDurham it is not possible to operate with the opposite orientation 
but Nashville could have been orientated in either direction. 
3.6.3 Multiple Hub System 
Figure 3.4 shows one type of multiple hub network because some airlines will operate 
more than one hub. Typically, these are serving different regions and, as in the 
previous section, these could also be directionally orientated. In the American Airlines 
example, RaleighlDurham serves North-South markets on the East coast, while 
Nashville serves North to South in the mid West. In a multi-hub, as hubs are all 
directly connected the number of links are large, multiple paths exist and provide 
greater flexibility in routing, resulting in more convenience to passengers. In general, 
, 
major carriers operate on networks with multiple paths. The existence of a multiple 
path is the consequence of the trade-off between savings in operational costs and 
increased revenue from a higher patronage. In the case of Iran, it could be very logical 
for example to have Shiraz as a South hub, serving 8 cities in the South, and Tehran as 
a central hub. 
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'Fig. 3.2' Single hub network 
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Fig. 3.4 MUltiple hub system 
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3.6.4 Hier-Hub Network 
Figure 3.5 shows one form of what has been termed a hierarchical hub (called Hier-
Hub) network,. which is a special case of a multiple hub system characterised by its 
hierarchical structure. It is based on the concept of the minimal spanning tree and was 
suggested to take into account multiple levels of hubs (Chou 1990). The hi er-hub is a 
simpler form of multiple hub as there is only one path for each trip: for example a 
passenger travelling from A to E has only one route through hub to F and then to E. 
As a comparison, the multiple hub is more realistic in terms of multiple paths whereas 
the_ hi er-hub is more applicable due to its simpler structure and greater flexibility in 
defining hub facilities. For empirical applications, one may consider the hi er-hub 
network as an early stage version of the multiple path system, where the hier-hub has 
the capability to develop into a multi-hub system. In a hi er-hub network a node may 
be the principal hub, a local hub or a spoke. AIl nodes that perform varying degrees Cif 
switching function are considered hubs 
G 
Figure 3.5 Hier-hub network 
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3.7 Hub and Spoke Design Considerations. 
Once a earner's hubs are in place. several fundamental principles of hub and spoke 
network design need to be employed in laying out its route structure. Wheeler (1989) 
has identified the three following principles: 
a) Operating spokes only on routes that will be able to make reasonably direct 
connections with other routes leaving a hub. 
b) Establishing services only on routes with block or flight times so aircraft use will 
be maximised. 
c) Inaugurating services only on routes that have minimum competition. 
These principles are obviously based on the commercial criteria for airlines to 
maximise profitability and survive in a competitive market. However. there are other 
factors outside this commercial framework that have to be considered if designing an 
air transport network for a developing country like Iran. These include the cultural and 
economic factors as well as the political considerations covered previously in Chapter 
2. 
3.8 Conclusion 
This chapter has discussed the theory. which underpins different types of hub and 
spoke networks; in particular it has examined the theory and design considerations. 
which underpin the Hier hub network. This has been provided as a foundation for the 
, 
next chapter. which attempt to devise and implement a hub and spoke network for 
domestic Iranian air transport services. 
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CHAPTER 4 
INPLE,MENTING A HUB AND SPOKE MODEL FOR IRAN 
, 
, , 
4.1 Introduction 
The objective of this chapter is to devise' a method for evaluating and choosing 
between various network configurations for an air transport network. It explores the 
structure of a hierarchical hub and spoke network together with mathematical 
programming aspects of the numerical model. This model - called Homa Hub - is 
devised and its operational, pre-processing and optimisation procedures are examined. 
Homa Hub output and final tabulated output data are discussed in detail and finally 
some limitations of the approach are outlined. In addition, the input data provided by 
various sources in Iran are described. 
Hubbing, as the previous chapter has shown, offers an airline a number of important 
advantages in a competitive commercial environment but at the same time it has some 
potential drawbacks for both airlines and their passengers. First, one has to examine 
the aims and objectives of the airline to be able'to devise the best network which suits 
and serve these objectives. In the case of a domestic air transport network 
development for Iran, it is'vital to understand the geography, economics and politics 
of the country as described 'in Chapter 2. Iran is 1,648,000 sq/km in area situated in 
the Middle East, with a central plateau surrounded by mountains including Elburz and 
Zagros with Lake Uromia to the north and Dasht-Ekavir Desert to the south east. It 
has a population of over 60 million with its capital being Tehrari and governed by an 
Islamic Republic system. 
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Iran Air is the Iranian flag carrier operating domestic and international flights. 
Although there are smaller airlines, Iran Air is by far the largest carrier operating 
domestic flights (about 90% of total passenger flow). There are 20 major cities with 
large to medium size airports scattered all over the country. The distance between 
these cities ranges from 650 nautical miles (about 2 hours flying time) to 124 Nrn 
(about 25 mins flying time). About 60% of the total passenger flow through the 
network is accounted for by the seven largest cities of Tehran, Mashad, Shiraz, 
Isfahan, Kerman, Tabriz, Ahwazand Bander-Abbass. Iran Air has 33 aircraft with a 
seat capacity of 6327 in its fleet. Over four million passengers were moved through 
the doinestic air transport system by trim Air during 1990, the load factors were in the 
high 90s and aircraft utilisation was very low at 1800 hours/year. The system is 40% 
overloaded with high demand partly due to unrealistic fare structures imposed on the 
airline by the government. Iran Air's aircraft utilisation is very low because they do 
not want to operate domestic services with the current set of artificially low prices, 
according to Iran Air's Planning Manager (Iran Air, 1994). 
Iran Air's strategic aims for the future on its domestic network are: 
a) To increase passenger throughputs by better planning and increase in fleet size and 
operate more frequent flights for the main core routes. 
~- "! . . - . 
b) To increase aircraft utilisation. 
"\ 
c) To develop a more realistic and economically viable pricing policy. 
d) To produce a better structure for the domestic network in order that they can target 
their resources better. (Iran Air, 1994) 
Maybe 20 years ago, Iran Air could have achieved these. aims by pouring funds into 
the system, but after Iran was involved in the war with Iraq for 10 years and the price 
of oil halved, it is limited in its power to invest as heavily as before in air transport 
infrastructure and new aircraft. Although Iran Air is making a sufficient surplus to 
purchase new aircraft, they are limited on two counts: first, because of the US 
sanctions on aircraft purchasing, and second the Iranian government's limitation as to 
how much they can spend on new aircraft each year. 
From the government point of view, Iran is a developing country with a wide range of 
economic problems, especially with the reconstruction of areas affected by the war. 
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The government acknowledges the importance of transport to the economy and that 
is why transport has such a large budget. The government intends to develop 
domestic road and rail transport as well as air transport. Air transport does not, 
however, have first priority and thus the limitation on the amount of budget resources 
available for it. Recently the government dropped restrictions on private airlines so as 
.. 
to encourage private investment for the domestic air transportation network. As 
Chapter 2 showed, there have been a small number of successful applicants for private 
commercial airline licences. 
4.2 Homa Hub Model 
The Homa Hub model proposed here has taken Chou's conceptual hierarchical hub 
model (Chou, 1990) and operationalised it by devising a computer program with 
graphic and optimisation options. It has then been applied to the Iran Air domestic 
network problem. Based upon this model for determining the optimal assignment of 
capacity to a given network, it is possible to define what kind of networks best serve a 
particular pattern of traffic, and how that optimal network might change when aircraft 
of different size are used, or when traffic patterns grow. These analyses also suggest 
how load factors should most economically be balanced between high and low density 
, t 
routes. As we have seen, hub and spoke network models have been adopted by many 
airlines as the primary strategy for organising their route structures. Different hub 
models and hub location models have been adapted with a view to improve their 
productivity and profitability. 
In the case of the domestic air transport network in Iran, a range of different models 
have been examined here: single hub, multiple hub and hierarchical-hub. These have 
been developed in light of the major operational objectives of Iran Air in adopting a 
hub and spoke network structure so as to reduce the number of flight routes while 
maintaining reasonable service levels to various places in its network, to increase its 
fleet utilisation and traffic flow, and to change its pricing policy to reflect a more 
realistic cost structure. A hierarchical-hub model based on the concept of the minimal 
spanning tree is suggested to take into account a multiple level of hubs (Chou 1990). 
This model does not allow multiple paths between nodal pairs and additional linkages 
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can be added based on the concept of capacitated networks. This allows the model to 
have multiple paths between nodes like the multiple hub models. This model (called 
Hier-hub) is based on the hierarchical structure of a hub and spoke network. For our 
purposes, it has been adapted and operationalised for the domestic air transport 
network in Iran. The model thus developed - called Homa Hub - is fully computerised 
with graphic and optimisation options. Although based on the conceptual hierarchical 
hub model of Chou (1990), this model has yet to be tested empirically, let alone in the 
context of air transport network development. However, it was considered that the 
approach offered real potential for the kind of application proposed here. 
4.3 Hier-hub: The Hierarchical-Hub Model 
4.3.1 The Hierarchical Structure of Hub and Spoke Networks 
The concept of a hierarchical structure of a hub and spoke network was discussed in 
Chapter 3. However, this treatment was somewhat superficial and descriptive rather 
than detailed and analytical. Figure 4.1 shows four basic but more detailed and 
analytical patterns of hub-and-spoke networks, and follows Chou (1990). A detailed 
discussion of the basic single-hub and double-hub networks, I-A and I-B 
respectively, is available in O'Kelly (1986). Figure l-C depicts a general multiple-hub 
system while I-D shows a special case of a multiple-hub system characterised by its 
hierarchical structure. For convenience, the multiple-hub system in Figure l-C is 
henceforth termed Multi-hub while the hierarchical-hub system in Figure I-D is 
termed Hier-hub. 
In a Multi-hub, as hubs are all directly connected, the number of links is larger than 
that for a minimally connected network. Multiple paths exist and provide greater 
flexibility in routing, resulting in more convenience to passengers. In a Hier-hub, hubs 
mayor may not be directly connected, the number of links is a minimum, and there is 
only one possible path for each trip. In general, Multi-hub networks are more realistic 
because major carriers operate on networks with multiple paths. The existence of 
multiple paths is the consequence of the trade-off between the savings in operational 
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different importance to tlie carrier. The two-tier structure of the Multi-hub is 
oversimplified in that it treats all hub facilities equally, implying a constant facility . 
cost for all hubs. In fact the cost of hub facility depends on its size, which is 
proportional to the traffic volume going through the hub. The multiple-tier structure of 
the Hier-hub allows one to assign variable facility costs to different hubs according to 
their places in the network and their traffic volumes. 
Single-hub N.tvorx l-! • ·Doubla-hub 1I.tvork 1-1.. 
• 
• 
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Multiple-hub l-D. 
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l-C. 
~ • 
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~ 1 r-
\ 10 g a 
10 9 a 
Fig 4.1: Patterns of hub-and-spoke networks 
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In terms of modelling, the Multi-hub is more complicated in the sense that its 
assignment problem is separated from the location problem. Even when hubs have 
been located, there exist different possible patterns of assignment due to multiple 
paths. The Hier-hub is simpler for there is only one path for each trip. Once hubs are 
located, links can be established and flows assigned accordingly. An important 
characteristic of the Hier-hub is that it derives the optimal number of hub facilities 
endogenously. The requirement of an exogenously given number of hubs in the Multi-
hub creates a tail-chasing dilemma for solving the numbering problem. The number 
determines the assignment; the assignment in turn determines facility costs, which 
then affect the number. In a Hier-hub network, a node may be the principal hub, a 
local hub or a spoke depending on location and assignment. The number of hubs is 
determined by the structure of the optimal hierarchical network. All the nodes that 
perform varying degrees of switching function are considered hubs. As a summary of 
the comparisons between these network structures, the Multi-hub is more realistic in 
terms of multiple paths whereas the Hier-hub is more applicable due to its simpler 
structure and greater flexibility in defining hub facilities. For empirical applications, 
one may consider the Hier-hub network as an early-stage version of the Multi-hub 
system. At a later stage, as demand for multiple paths emerges, a carrier may increase 
links and upgrade the Hier-hub into a Multi-hub system. This property makes the 
Hier-hub an intermediate network between the double-hub and the Multi-hub systems. 
Also, the single-hub and double-hub networks may be considered special cases of the 
Hier-hub systems. A method for upgrading the Hier-hub into a Multi-hub will be 
presented later. 
4.3.2 The E Matrices 
The following exogenous variables are required for modelling Hier-hub networks: 
N: the number of nodes in question. 
Oi: the flow originating from node i. 
Dj: the flow designated for node j. 
Wij: the traffic volume from node i to node j. 
Cij: the unit transport cost between node i andj. 
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The structure of a hierarchical hub-and-spoke network can be described 
mathematically by an NXN connectivity matrix (Taaffe and Gauthier 1973). The 
first-degree connectivity matrix shows the presence or absence of a direct link 
between each origin-destination (O-D) pair of nodes. The value of each element in this 
matrix is binary - one for direct links; othelWise it is zero. The second-degree 
connectivity matrix shows the indirect connectivity by a combination of two direct 
links. For developing the Hier-hub model, the connectivity matrices are modified into 
E matrices. The E matrices are established for a minimally connected network. A 
network is minimally connected if all nodes are connected by N-l links. 
The first-degree E matrix, El, is equivalent to the first-degree connectivity matrix 
except that the El matrix must be minimally connected. The ith-row and jth-column 
element, E'ij, is equal to one if there is a direct link between the corresponding nodes; 
otherwise it is zero. The second-degree E matrix, E', shows the indirect connectivity 
employing two steps. E'ij, is one if there exists at least an indirect connectivity of 
exactly two steps between nodes i and j; othelWise it is zero. Likewise, the E' matrix 
shows the three-step indirect connectivity. The degree of E matrix range from one to 
the diameter defined as the minimal number of steps between the most distant node-
pair in the network. An important difference between E matrices and connectivity 
matrices is that for each O-D only the shortest path is recorded in the E matrices. If a 
path appears in a lower degree E matrix, the same O-D in all higher degree matrices 
will be zero. Mathematically, the E matrices are specified as follows: 
E'ij E (0,1) for all i, j, k, 4.1 
E'ii = 0 for all i, k, 4.2 
L,E\j = 1 4.3 
E'ij = E'ji 4.4 
L; L j E'ij = 2 (N - 1) 4.5 
LjE'ij > 1 4.6 
LjE'ij <N-l 4.7 
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The conditions are derived on the basis of the following constraints: 
a) Condition (1) requires that each element in any E matrix be either one or zero 
depending on the presence or absence of connectivity for the corresponding 
degree, k. 
b) Condition (2) requires that all paths from one node to itself be ruled out. 
c) Condition (3) ensures that only the shortest path for each O-D is considered. 
d) Condition (4) is the assumption of symmetry, which is included for simplicity and 
is not a necessary condition for the Hier-hub model. In conjunction with condition 
(4), 
e) Condition (5) ensures the matrix be minimally connected. 
o Condition (6) requires every node be directly connected with at least one other 
node, implying all nodes in the network be connected. 
g) Condition (7) requires every node be directly connected to no more than N-l other 
nodes to ensure no circuit exists in the network. 
Figure 4.2 shows a hypothetical 6-node network proposed in Chou (1990), which is 
minimally connected. There are four E matrices since the diameter of the network is 
equal to four, i.e., the longest route in the network is between nodes, 6 and 4 which 
takes four steps. 
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4.3.3 The Hier-hub Model 
The Hier-hub network is considered to be one of the initial stages of network 
development. The level of a hub in the hierarchy is defined by its traffic volume. For 
convenience, it is assumed that airline networks are symmetric. The assumption of 
symmetry can be relaxed if necessary. The following assumptions form the building 
blocks of the Hier-hub model. First, there is only one principal hub in a network. In 
the initial stage of network development, a carrier may have only one hub facility. 
This assumption need not imply that the principal hub will always maintain that 
status. At a later stage another node, may become the principal hub if its traffic volume 
exceeds that of any other node. Second, the Hier-hub network is a rniniinally 
connected network; i.e., for N nodes, the number of links is N-l. Such a network is 
defined as a spanning tree. This assumption will be relaxed later when the upgrading 
of the Hier-hub network into a Multi-hub network is considered. Third, the principal 
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hub is designated the traffic centre of the network, meaning all nodes are connected 
to it in shortest paths. Translated into realistic terms, this assumption is equivalent to 
requiring an airline network be established in such a way that all cities are connected 
to the headquarters in a least-transport-cost manner. This assumption implies the 
minimal spanning tree be rooted at the principal hub. As will be discussed later, this 
assumption has important implications concerning scale effects. 
According to the three assumptions, the first step of the Hier-hub modelling process is 
to build minimal spanning trees for each node as the root denoted as r. With each tree 
an E matnx i~obtained and a new transport cost, C';j' can be found which is defined as 
the cost to travel from node i to node j in the tree, such that, 
C';j. c;jE'ij 4.8 
+ Lm ( Cim + Cmj) . E'im . E'mj. E'ij 4.9 
+ LmLp (Cim + Cmp +Cpj). E'im . E'mp. E'pj. E'ip . E'mj. E'ij 4.10 
+ ....... + Lm .......... Lq (Cim + ...... +Cqj). E'im .............. Edij 4.11 
Where d is the diameter of the tree. The number of elements in C';j is equal to the 
diameter of the tree. The first element is composed of direct links. The second element 
consists of two-step indirect paths, i.e., a transfer through an intermediate node is 
necessary to move from origin to destination. Likewise, the third element is for three-
step indirect paths, and so forth. For each i-j pair there is only one meaningful 
element. For instance, in the rooted spanning tree of Figure 4.2, between node 1 and 
node 5 only E' equals one while all other E'15 are zero; thus, in this example all 
elements in (4.8) to (4.11) drop out except the second element (4.9). Accordingly, the 
C';j defines the actual transport cost for the 2-step indirect path between node 1 and 
node 5. For convenience the general term of C';j is called the r-cost and represents the 
actual cost between each O-D in the minimal spanning tree rooted at node r. The r-
cost may be greater than, equal to, or less than the given transport cost, C;j' depending 
, 
on the structure of the tree. It is greater than C;j if the direct link of minimal cost 
between node i and node j is not included in the tree. In this case the r-cost is higher 
because an indirect path of higher cost must be used in connecting these nodes. The r-
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cost is equal to or less than Cij when there exist an indirect path of ,:"hich the total 
transport cost is· less than that of the direct link. This situation is attributable to the 
scale effects associated with larger traffic volume. Figure 4.3 explains such a 
situation. 
3-A. 'l'ravel Demand 
3-B. Network 
s 
B 
,". 20· 
, .. 
c 
Fig 4.3 Scale effects and transportation network 
20. 
e 
.. Figure 4.3 shows the travel· demand among three nodes, A, Band C; If an aircraft of 
200 seats is used to service this market, the operating cost per passenger on the link A-
C will be higher than the indirect path A-B-C. Consequently, the network will be 
triangular. In this case, an indirect path could be of lower unit cost per passenger than 
non-stop flights in major airlines. Having obtained the C', of ea:ch O-D for each tree. 
rooted at each node, the Hier-hub searches for the system which minimises total 
transport cost while satisfying the flow constraints, Le., the total volume of flow 
leaving a node equals its traffic production and the total volume of traffic arriving at a 
node equals its traffic attraction. FonnaJly; the Hier-hub model is expressed as: 
Min, Z= LijLC'ij· W'J 
Lj W,=0, 
LiWij=Dj 
for all r, 4.12 
·4.13 
4.14 
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4.3.4 The Operational Procedure 
The optimal Hier-hub system can be obtained by a three-step procedure, which 
combines the cascade algorithm and the calibration of the E matrices. In step one, the 
cascade algorithm is used to obtain first the shortest path between each O-D and then 
the routing matrices and diameter of each tree. The E matrices are derived in step two 
from the routing matrices Accordingly, the r-cost matrices are calculated. In the third 
step the O-D flow matrix is loaded into each tree to find the optimal system which 
minimises the objective function of Eq. (4.12). The result of the above method 
. ~: . '\ ~.' . :" . 
includes the traffic volume assigned to each link, and the traffic volume going through 
each node. In the optimal system, a node having a traffic volume greater than its O-D 
volume is a hub because it handles connecting traffic, if not it is a spoke. The 
hierarchical structure is identified from both the linkages of the spanning tree and the 
assigned traffic volumes. 
4.3.5 An Illustrative Example 
A hypothetical example illustrates the Hier-hub model shown in figure 4.4. Table 4.1 
shows the O-D data, or flow matrix, of a ten-node system, in which each value 
represents the travel demand between each O-D. For instance, the value of the first 
row and the second column indicates the flow leaving node 1 for node 2. Table 4.2 is 
the matrix of transport costs in which each value represents the unit transport cost 
between the corresponding O-D. Infinity means no direct link exists and an indirect 
path must be taken. The optimal. Hier-hub network for the hypothetical network is 
shown in Figure 4.4. The flow volumes on all links and nodes are calculated. 
According to the network structure and flow volumes, this is a three-tier hierarchy. 
Node 5 is the principal hub, which handles a total traffic of 2785. There are three 
secondary hubs of similar size, nodes 9, 2 and 4, with flow volumes of 990,995 and 
905, respectively. Each hub has a total traffic volume greater than its row sum or 
column sum in Table 4.1 because it must handle transferring flows. The minimised 
total flow cost of the objective function is 124,700. 
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As mentioned before, Hier-hub is a minimal spanning tree and there is only one path 
for any flow. As such, the assignment of flows is a concomitant result of location. 
The Multi-hub has more links than those for a tree thus there are always circuits in the 
network. The assignment problem is independent from the siting problem. Hier-hub 
requires no a priori know ledge about the optimal number of hubs to be established; 
instead, it derives the number endogenously. This property makes the Hier-hub model 
of greater empirical applicability. For airlines, it is more reasonable to obtain the 
optimal number according to the planned network than to provide it arbitrarily. The 
requirement of an exogenously given number of hub facilities creates a major 
difficulty for the Multi-hub to justify that number. In order to accept the exogenous 
number, one must solve the problems for different numbers of hubs and compare their 
solutions. In reality, such a comparative approach appears prohibitively costly. 
Currently the only valid way of employing a Multi-hub model is separating the 
numbering problem from the siting and assigning problems and solving the 
numbering problem independently. Although endogenously deriving the number is 
generally an advantage of the Hier-hub, on certain occasions it may not be desirable. 
For instance, if a carrier decides to establish a system with a certain number of hub 
facilities, the Hier-hub is not the appropriate model to use. 
Multi-hub systems with more than three hubs generate a large number of alternative 
paths that may divert flows in a decentralised manner. On the other hand, Hier-hub 
systems minimise the number of links, thus providing more concentrated flows on 
certain linkages. This property makes the Hier-hub more favourable than the Multi-
hub of links more profitable, therefore favour a more concentrated pattern of linkages. 
Major airlines operate Multi-hub networks because multiple paths provide flexibility 
in routing and convenience for passengers. An apparent disadvantage of Hier-hub 
networks is that travelling between two spokes may require two or sometimes even 
more transfers. A carrier limited to such inconvenient routes would lose customers to 
other airline's networks; the most important question is how a Hier-hub network can 
grow into a Multi-hub network. Currently there is no single best answer to this 
question. 
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Various ways of upgrading Hier-hub networks are possible, depending on 
assumptions about the relationship between these two types of networks. A feasible 
method based on link capacity is discussed below. As mentioned previously, scale 
economies on operating links exist within linkage capacity. Assuming that additional 
. Iink(s) must be established to ease congestion when the flow assigned to any 
particular link exceeds its capacity, one may upgrade the Hier-hub network into a 
Multi-hub network by gradually increasing the number of links with multiple paths. 
This assumption is reasonable for airlines because as flows on certain links increase, a 
carrier must expand its service on those links to accommodate the increased demand. 
The expansion may soon reach its upper limit and the most likely solution is diverting 
part of the flows on the congested links, particularly the transferring flows, to 
additional links. As new links are established, the carrier becomes more attractive to 
those who can enjoy non-stop flights on the new links. 
The link capacity may be a constant for all links or a variable. In the earlier illustrative 
example shown in Figure 4.4, if a constant link capacity of 620 is assumed, the only 
link with overflow is the one connecting node 5 and 9 with a flow volume of 630. One 
must search for a next best path to divert part of the flow. This is done in a three-step 
procedure. First, the links with overflow, defined as saturated links, are temporarily 
removed from the network. Second, the cascade algorithm is calibrated to find the 
next best paths connecting the temporarily disconnected nodes. Third, the flows to be 
diverted are assigned to the newly established links. There are two possible ways of 
diverting flow. One may divert only the flow exceeding the link capacity. 
Alternatively one may divert all of the transferring flows in the belief that passenger 
prefer non-stop flights to connecting flights. A modified Hier-hub model with 
additional constraints of link capacity can be used to upgrade a Hier-hub network into 
a Multi-hub network. Such a modified model is considered and the initial Hier-hub 
network is obtained. Then, the capacity constraints are included. If in the initial 
solution any link is assigned more flow than its capacity, the model establishes 
additional links to divert the overflows. With additional links, the network has more 
links than a spanning tree and it becomes a Multi-hub network with multiple paths. 
The solution ofthe capacitated Hier-hub model is depicted in Figure 4.5. 
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Fig.4.5 The capacltated Hier-hub network 
This example demonstrates another important advantage of the Hier-hub over the 
. Multi-hub in the evolution of major airline route structures. If the network of a carrier· 
is developed from the initial stage of a Hier-hub system to the later stage of a Multi-
hub system, new links are added to the network in response to increased travel 
demand and a later stage network is built upon that of the earlier stage. The Multi-hub 
system, on the other hand, produces optimal networks that are. independent of the 
optimal networks of earlier stages. The optimal solution for a four-hub Multi-hub 
system could deviate. so much that for a three-hub system, presumably the optimal 
solution of a pr~vious stage, that the suggested changes may be unreasonably costly to 
the carrier. 
Also, Hier-hub derives the optimal number of hub facilities endogenously, which 
eliminates the need of an exogenous assumption about the link(s) nurnber. Most 
importantly, the optimal Hier-hub network can be modified into a Multi-hub system 
through constraints of link capacity. Although the solution of the capacitated Hier-
hub may only be an approximation of the optimal system, it does reflect the 
progressive evolution of multiple-hub networks. 
83 
The suitability of this model for the domestic air transport network in Iran is based on 
the following assumptions: 
a) The minimum link connecting the nodes. To reduce the number of mini hubs so 
passengers do not have to make too many changes. 
b) Ideal location for a main hub and possible secondary hubs in terms of facilities 
available and political considerations given for a particular city. 
c) Possibility of modifying and upgrading Hier-hub to a multi-hub network without 
major changes to route structures. 
d) Possibilities of implementing Hier-hub and at the same time operate direct flights 
to particular nodes. 
4.4 Homa Hub Pre-Processing Packages 
In order to develop the model, passenger flows and cost matrices are needed. For 
simplicity they are assumed to be symmetrical but it is not a necessary condition. As 
there are 20 cities in the Iranian network there would therefore be 20 rows and 20 
columns for passenger flows and the same number for the cost matrices. The first 
subprogram, checkdata.f, checks the given data in the matrices, if any of the data is 
not symmetrical then it gives the exact location where the data is not symmetrical. 
The program can either correct this by averaging O-D data in both directions or 
correct data for both directions can be replaced. In brief this subprogram checks the 
data for symmetry. The second subprogram, makedata.f, calculates the cost for each 
city pair - in effect it constructs the cost matrices by using three files called cityO, 
facti and costl (these files will be explained later). Alternatively the cost of each city 
pair can be given in the same way as passenger flows were given. After the data is 
checked they are stored in another file, called Irand. (Please refer to the examples of 
data processing and list of the subprograms in Appendix-l at the end of this chapter). 
4.5 Homa Hub Run Procedure 
To run the basic program (without graphics and optimisation) an IBM 486 PC with 
Prosper software was used. To run the full program, it was loaded on to the 
University's HPC network for speed, memory and connection to the Uniras plotting 
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package. The important base data needs to be input first: the number of cities (from 2 
to 20), passenger and cost factors, and the labels for the outputs of both tables and 
graphics. The program then reads this new data and stores it in Irand. Only then is the 
program ready for full execution. 
4.6 Structure of Homa Hub Model 
. As Homa Hub is a significantly revised version of Hier-hub, the model proposed and 
developed by Chou (1990). The full flow charts are presented diagrammatically in the 
following figur7;, Figures. 4.6 to 4.9.,The following exogenous variables are required: 
N: the number of nodes in question. 
Oi: . the flow originating from node i (in 1,000 passengers) 
Di: the flow destined for node j (in 1,000 passengers) 
Wij: the traffic volume from i to node j (1,000 passengers) 
Cij: the unit transport cost between node i and node j (given in Iranian Rials) 
The program constructs a flow cost matrix and prints out the transhipment vector; 
then it calculates the flow cost for each O-D based on the transhipment vector and 
prints out the flow cast matrix. Next stage is to calculate total flow cost and a print out 
of total flow cost is given. In the last stage of this section minimum and maximum 
cost flows are calculated. These results are stored in a file called textp 1. At the end of 
the program the following information is provided as textp1: 
,'-.{ , 
a) The principal hub city. 
b) Total flows in 1,000 passengers going through the principal hub. 
o ' 
c) Number of trips generated in 1,000 trips as a direct result of operating Homa Hub. 
d) Total cost for Iran Air if the city chosen to become a hub (in 1,000,000 Rials). 
e) Diameter of the network: the maximum numbers of stop passengers have to make 
to get to their final destinations. 
I) Flows at mini hubs: the number of passengers in 1,000s going through each mini 
hub - up to 5 mini hubs are calculated. 
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A second table is created and stored as textp2. showing information about a particular 
city which is being selected as a principal hub and printed on the graphic output. 
The program was written in FORTRAN 77 and is listed in full in Appendix-I. It 
consists of the following six components: 
a) Pre-processing of raw data: this section has two sub-programs, checkdata.f and 
makedata.f. 
b) The main program: this starts the program's analytical operations and gives 
direction and paths to other sections interactively - in this section data are read and 
options are provided. 
c) Computerised Homa Hub model: the core of the program - the model's 
calculations are carried out, the raw data in the form of E matrices are processed 
and fed through this section. 
d) Graphics: the program directs the software to the information and data available to 
create a map of Iran, positions the cities and incorporates the structure of the 
domestic air transport network in Iran. 
e) Optimisation: this sub-program optimises interactively the air transport network in 
terms of both passenger flows and total costs. 
o Post-processing: software packages such as Excel is used for drawing and 
presenting optimisation results. 
4.7 Homa Hub Post·Processing Packages 
To make the output of the program understandable, it was decided to make use of 
graphical devices, using the Uniras package. Uniras software is a graphical display 
software system of great power and flexibility. It consists of four interactive 
programs and several subroutine libraries. The four interactive programs are unigraph, 
unimap, uniedit and picture manager. A full interactive graphic and interface package 
was developed for Homa Hub output using these Uniras library subroutines. After the 
results of the case study have been calculated, access is given to online graphics to 
create and plot maps and tables needed for a clearer form of presentation. 
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First Uniras draws the Iranian map with the position of the 20 cities and the outline 
of the air transport network. After reading all data and information provided, the 
program plots graphically any city selected as a principal hub. The files used for post-
processing are: 
a) Idfly: this file gives the co-ordinates of all city pairs for the air transport network 
in Iran. 
b) CityO: this file has the co-ordinates and city names under study in the air transport 
network (20 cities). 
c) Cityl: this file has the abbreviation of the 20 cities. 
d) City2: this file has the names and abbreviation of each city numbered from 1 to 
20. 
e) borl: this file has the co-ordinates of the points for the land border of Iran. 
o bor2: this file has the co-ordinates of the points for the Caspian sea border with 
Iran. 
g) bor3: this file has the co-ordinates of the points for the Persian Gulf border with 
Iran. 
4.8 Homa Hub Optimisation Procedure 
In this section, there are two optimisation options: either total cost or passenger flows 
can be optimised. The procedures for both are the same. For the first option, the total 
cost is selected to be optimised. An Excel file name is given e.g. fl then the dummy 
file adds an Excel tagging name to it for cost cfl.csv and for passenger pfl.csv. Three 
further options are given: 
a) City to city: in this option one city pair is optimised, e.g. city 1 to city 2 and the 
cost for this city pair is optimised with all other costs staying the same - the effect 
of this can then be seen on the whole network. 
b) City to cities: in this case the cost from one city to a number of cities is optimised, 
e.g. city 1 to city 2 and 3 (up to 19 cities in the network) with all other costs 
staying the same. 
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c) Cities to cities: in this case the cost from a number of cities to another number of 
cities in the network is optimised, e.g. cities 1 and 2 to cities 4 and 5 (any number' 
of 20 cities in the network). 
Once an option is selected, the program begins the optimisation procedure by 
applying a range of eight theoretical cost factors - 0.25, 0.5, 0.75, 1,1.5, 2, 2.5 and 3. 
These cost factors have been selected because they are seen to represent a realistic 
range of small step differences for assessing the impact of cost changes on Iran Air. 
Each of these different cost factors represents a scenario which would enable Iran 
Air's planners to examine the effect of, for example, a sudden increase in the price of 
aviation fuel or domestic inflation. For example, for a cost factor of 2 the cost between 
two cities is simply doubled; for a cost factor of 3, the cost between two cities is 
tripled. For those cost factors less than 1, for example 0.5, the cost between two cities 
is halved. The same eight factors are then used to optimise passenger flows. For 
example, for a passenger factor of 0.5, the passenger number between two cities is 
simply halved. These factors may therefore be seen as weights or sensitivity measures. 
The program begins the optimisation procedure by applying each of the cost factors, 
each time going through the loop of the computerised Homa Hub model to calculate E 
matrices for each cost factor. When all eight cost factors are calculated it stores the 
results in a file textp 1. These results can then be used with Excel software to create 
graphs showing comparisons between different cost factors. The same procedure is 
then adopted for optimising passenger flows in the network. 
In the case of the domestic air transportation network in Iran there is a clear need for 
optimisation, because there are changes in passenger flows and prices throughout the 
year. Unlike Europe and the U.S, there are two calendars in use in Iran, the Solar and 
the Lunar calendar. These pose a problem for scheduling an airline network; for 
example, the time which Muslims in Iran go to Mecca is different each year - it could 
be during the summer or winter, coinciding with peak holiday time; therefore airlines 
must accommodate these changes. The economic situation and inflation in Iran is so 
erratic that in a given year air fares might need to go up several times, having an effect 
on the network flow and flight schedules. There are an almost endless number of 
options in optimisation procedures. The network can be optimised in terms of either 
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total cost or passenger flow. As noted above, there are three ways of optimising of 
relevance here: 
a) City to city optimisation: this option is useful if another city needs to be 
optimised. For example, consider a city in the north of Iran called Mashad. On a 
gi ven day, pilgrims from all over Iran gather in Mashad for one or two weeks. 
During these known days, traffic flows from any city to Mashad could be 
optimised and the necessary flights could be scheduled. On the other hand, if there 
is a larger amount of traffic on one particular sector, optimisation could be used 
for costing the network and thus increase fares on that sector to deter passenger 
overloading. 
b) City to cities optimisation: in this option passenger flows or cost of one city to 
other cities could be optimised. For example, during Haj (the time when Muslims 
from all over the world make a pilgrimage to Mecca), there are only five cities 
which have flights to Saudi Arabia, so passengers from all over Iran have to start 
their journey to Mecca from one of five cities: therefore, during Haj traffic flows 
for the given sectors could be optimised. This information could be very valuable 
to Iran Air for their flight scheduling during this time. Every year about 300,000 
Iranian pilgrims go to Mecca during the Haj month and this creates a large 
demand on the network. 
c) Cities to cities optimisation: this option allows the whole network to be optimised 
either in terms of total cost or passenger flows. This option could be used for 
analysing the effect of price increases on the network or analysing the effects on 
total cost if passenger flows were to be increased. 
In the optimisation procedure both cost and passenger flows are optimised according 
to eight factors. They range from 0.25 to 3 (0.25,0.5,0.75,1,1.5,2,2.5 and 3). They are 
linear inputs but as the program and the model is not linear at any point during the 
optimisation the shape of the network could change and the location of the principal 
hub could move to one of a number of other nodes; the number of mini-hubs and their 
locations could also change. As there are 20 cities in the network and they can be 
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optimised both in terms of passenger flow and cost, and there are three options in the 
optimisation procedure each with eight different factors, there are an almost infinitive 
number of combinations of calculations the program could carry out. A full and 
comprehensive study of the enormous number of results could be done by making a 
post-processing program to analyse them. But for the purposes of this study only the 
options which would affect our network are considered here. 
4.9 Program Output Structure 
All the program outputs are stored in a data bank called Iranr. This file contains the 
matrices and data needed for the model to calculate the results and embedded in the 
main body of the program. Once the program calculates the results they are stored in 
two files,. called textpl and textp2. lranr thus contains all the vital information and 
calculations. 
4.9.1 Raw Output Tables 
Raw output tables are given in Iranr and includes the following results: 
a) The O-D data of the flow matrix, in which each value represents travel demand 
. ": 
between each O-D. For example, the value of the second row and sixth column 
(35) indicates the flow leaving node 2 for node 6 (Table 4.1) 
b) The matrix of transport costs in which each value represents the unit transport cost 
(Rials) between the corresponding O-D. 999 means no direct link exists and an 
indirect path must be taken. 
c) The cascade algorithm for node 1 and 2. 
d) The link step matrix. 
e) The routing matrix of all ten nodes. 
f) The connection matrix for node 1. The first degree E matrix, E (1), is equivalent to 
the first degree connectivity matrix except that the E (1) matrix must be minimally 
connected. The ith-row and jth column element is equal to one if there is a direct 
link between the corresponding nodes, otherwise it is zero. 
g) The edge-connection matrix for node 2. 
h) The flow passenger matrix through node 1 to node 2. 
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i) The flow cost matrix for node i and 2. Then the total flow through the principal 
hub and other mini hubs with total flow cost and the diameter of the network are 
gi ven. The same procedure is repeated for all nodes. The final result from the 
calculations can be obtained from file textpl. 
4.9.2 Graphic Representation 
A graphical representation of the results is obtained using the Uniras software, in 
colour. This shows the map of Iran with borders clearly showing to the north the 
Caspian Sea and to the south the Persian Gulf. The locations of the cities are marked 
with red circles, larger circles ar~ cities with larger traffic' volume. A line connecting 
cities shows the traffic flow between them. The information given on the map is: 
a) No of cities: number of cities in the network. 
b) Hub city: The principal hub city- any of the nodes could become a principal hub 
city but it would have a cost penalty. 
c) Diameter: this shows the diameter of the network, i.e. the maximum number of 
stops a passenger would have to make before arriving at the final destination. 
d) No of trips generated: this shows the numb~r of extra trips generated if a particular 
node is.to become a principal hub. 
e) No of routes: total number of routes in the network. 
o Hub flow: total number of passengers through the principal hub. 
g) Hub cost: the total cost of a network with a particular node being a principal hub. 
h) Best hub city: this is a principal hub city with a least cost. 
i) Minimum cost: this is a minimum cost of the network if the best hub city is to 
. ; I ~ . ' 
become a principal hub. 
j) Maximum Cost: this is a maximum cost of the network if the worst hub city is to 
become a principal hub. 
4.9.2 Final Tabulated Outpu~ 
The computerised calculations of the results from Iranr are accessed from the textp I 
file. 
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This contains all the tabulated results. Table 4.2A shows an example of output data; 
it is in two parts with six columns, as follows: 
a) 1st column: the number of the node and the name of the city in the order of the 
most cost effective node being a principal hub, e.g. node (5) has a least cost. 
b) 2nd column: the code of t\le city, e.g. Shiraz (SYZ). 
c) 3rd column: the total flow over the network in 1000's passengers. This would be 
the same regardless of which node would be a principal hub. 
d) 4th column: the number of trips generated in 1000's with different nodes selected 
as a principal hub, e.g. node (6) generates the most trips (6148) and node(S) 
SUMMARY. OF THE HOMAHUM PREDICTIONS 
RESULTS .OF CASE STUDY NO. 
----------------------~-------------------------~-----------~---------
CITY TOTAL NO. TRIPS 
"1600" "1000" 
. FLOW GENERATED 
TOTAL 
'lE6 " 
. COST 
DIAMETER 
-----~----------------------------~-~---------------------------------
5- 3632 3928 124770. 4 
4- 3632 4248 ·133470 4 
1- 3632 4958 ·134520 5 
7- 3632 . . 4618 140520 4 
6- 3632 6148 145550 6 
9- J632 4048 152370 4 
2- 3632 3798 1663 20 . 4 
8- 3632 5218. 166970 5 
10- 3632 5108 169120 5· 
3- 3632 4818 253290 5 
-----------------------.---------------~---------.---- ----------------
Main-Hub (Cit:.y) 
. Flow· a· 
Mini-Hubs Flow (Cities) 
b e,·' d e 
-------------------------------------~-------------------------------- . 
5- 2785( 5) 990( 9) 9'55 ( 2) 905( 4 ) o ( 0) o ( 0,) 
. 4- 2345 ( 4) 2205 ( 5) 990( 9) o ( 0) o ( 0) o ( 0) 
1- 1935( ,4 ) "lH5( 5) 1515( 1) 1415 ( 2 ) o ( 0) 0(, 0) 
7- 2535( 5) 1275 ( 7 ) 990( 9) 95S( 2) 905( 4) o ( 0) 
6- 2225 ( 6) 1935 ( S) 1845 (. 4) lOSS( 1) 990 ( 9 ) o ( 0) . 
9- . 2575 ( 5) 1860( 9) 90S( 4) O( 0) o ( 0) o ( 0) 
2- 244S( 2 ) 1745 ( 5') 975 ( 4) O( 0) o ( 0) o ( . 0) 
8- 2465( 5) IS80( 8) 990( 9 ) 955( ,2) 905( 4) o ( 0) 
. 10- 2020 ( 9 ) 2015( 5) 1800 (10) 925( 2) o ( 0) 0(0 ) 
" 3- 2280( 3 ) 1945( 2) 1335 ( 5) 975( 4) o ( 0) o ( 0) 
------------------------------------------------------ ------~---------
Table 4.2A: . Output data from Homa Hub, for hypothetical example 
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generates the least number of trips (3928) if they were selected to be a principal hub. 
e) 5th column: the total cost of the network in order of minimum cost first and 
maximum cost last. 
o 6th column: diameter of the network with a particular node selected as a principal 
hub. 
The second part of the table gives the total flow at the principal hub with the number 
of the node (city) in brackets; the flow for up to five mini hubs with their node 
numbers is also given. The optimal hier-hub for the hypothetical network is shown in 
Table 4.2A, which is the computerised table (textpl). According to the network 
structure and flow volumes, this is a three-tier hierarchy. Node 5 is the principal hub 
which handles . total traffic of 2785; there are three mini hubs of similar size, node 9, 
2 and node 4 with flow volumes of 990, 955 and 905, respectively; and each hub has a 
total traffic volume greater than its row or column sum of the flow matrix because it 
must handle transfer flows. The minimised total flow cost of the objective function is 
124,770. The maximum cost is 253,290 with node 3 being a principal hub. If the 
optimisation procedure had been carried out for the above hypothetical network then 
there would be eight more similar tables for each optimisation procedure executed. 
For example, cost optimisation between city 1 and city 5 has been executed and 
shown in Tables 4.3A, 4.3B, 4.3C and 4.3D with cost factors of 0.25,0.5, 1,1.5,2,2.5 
and 3, and a full table for each of the cost factors is given in textpl. From the 
optimisation tables it is clear that as the cost for node 1 to 5 decreases, for example, 
with the cost factor of 0.25, the number of trips generated is increased in the whole 
network and the cost to the network is reduced to 99,260. The shape of the network 
changes with node 5 as a principal hub which handles a total traffic volume of 2,785. 
There are three mini hubs - which are 1,9 and 2 - with flow volumes of 1,415, 990 
and 955 respectively; thus mini hub 4 is replaced by a new mini hub at node 1, with 
cost factor of 0.5 the same network with the same traffic flow through the principal 
hub and mini hubs is showing, the only factor which is changed is the total cost to the 
network has been reduced from 124,770 to 112,220 if the cost between node 1 to 5 is 
optimised by the factor of 0.75, the shape of the network and location of its mini hubs 
changes. Node 5 is still a principal hub but its traffic volume has increased to 2865 
and there are only two secondary hubs. Node 9 with traffic flow of 990 and node 2 
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cost optimization between city 1 and city 5 
Cost factor_ .2S 
SUMMARY-OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO. 
----------------------------------~------------------- ----------------
CITY TOTAL 
_'1000' 
FLOW 
NO. TRIPS 
'1000' 
GENERATED 
TOTAL 
-'lE6 ' 
COST 
DIAMETER 
----------~------------------------------------------- .---------------
5- 3632 4568 99260 5 
1- 3632 4658 104064 5 
9- 3632 4948 104960 ~ 
6- 3632 5568- 110.090 5 
7- 3632 5258 115010 5 
2- 3632 H08 125170- 4 
4-_ 3632 424-8 133470 4 
8- 3632 5858 141460 6 
10· 3632 4458 149710 4 
3- 3632 5358 171090 5 
---------------------------------------------------------------------~ 
Main-Hub (City) Mini-Hobs Flow (C~ties) 
Flow a b c d e 
------------------------------------------------------ ----~-------~---
5- 2785( 5) 1415( 1) 990( 9 ) 955( 2) o ( 0) o ( 0) 
1- 241S ( 5) 187 S ( 1) 990( 9) 9SS-(2 ) o ( 0) o ( 0) 
9- 2705 ( 5) 14S0( 9) 1415( 1) 955(2) o ( 0) o ( 0) 
- 6- 2535 ( 5) 1575( 6) 1415 (- 1 ) 990 ( 9) 955( 2) o ( 0) 
7- 2535 ( 5) 1415 ( 1) -1275 ( 7 ) 990( 9r 955( 2) o ( 0) 
2- 2095 ( 5) - 1925 ( 2) 1625( 1) o ( 0) o ( 0) o ( 0) 
4- 234S( 4) 2205( 5) 990( 9) o ( 0) o ( 0) o ( 0) 
8- 2465( 5) 1880( 8) 1415(1) 990( 9) 955( 2) o ( 0) 
10- 23 OS ( 5) 1920 ( 9) 1470(10) o ( 0) o ( 0) O( 0) 
3- 2095( 5 ) 1625( 2) 1625( 1) 1600 ( 3) - o ( 0) o ( 0) 
. Table 4.3A ; Homa hub cost optimisation for hypothetical example. cost factor of 0.25 
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cost optimization between city 1 and city 5 
cos t fac tor= ,5 
SUMMARY OF THE'HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY 'NO, 
----------------------------------------------------------------------
CITY' TOTAL 
'1000" 
FLOW 
NO, TRIPS 
"1000" 
GENERATED 
TOTAL 
'lE6,' 
COST 
DIAMETER 
----------------------------------------------------------------------
5- 3632 4568 112220 5 
1- 3632 4658 117760 5 
9- 3632 4948 117920 5 
6- 3'632 5568 123050 5, 
7- 3632 5258 127970 5 
4- 3632 4248 133470 4 
2- ' 3632 4408 138370 4 
10- 3632 4458 154270 4 
8- 3632 5858 154420 6 
,3- . 3632 5358' 184290 5 
----------------------------------------------------------------------
Main-Hub (City) Mini-Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
5- 2785( S) 1415 ( 1) 990( 9) 955( 2) o ( 0) o ( 0) 
, 1~ 2415( 5) la75 ( 1 ) 990( 9) 955( 2) o ( 0) o ( 0) 
,9- 2705( 5) 1450 ( 9) 1415 ( 1) 955( 2) O( 0) o ( 0) 
6- 2535 ( 5) 1575 ( 6) 1415 ( 1) 990( 9) 9551 2) o ( 0) 
7- 25351 5) 1415 ( 1 ) 1275 ( 7) 9901 9) 955( :2 ) o ( 0) 
4- 2345 ( 4) 22051 5) 9901 9) o ( 0) 01 0) o ( 0) 
2- 20951 5) 1925 I 2 ) 16251 1) 01 0) 01 0) o ( 0) 
10- 2305 I 5) 1920 ( 9 ) 1470(10) o ( 0) o ( 0) O( 0) , 
8- 24651 5) 18801 8 ) 1415 ( 1) 9901 9 ) 9551 2) 01 0) 
3- 20951 5) 1625 I 2) 1625( 1) 16001 3) 01 0) o ( 0) 
"Table 4,3B: Homa hub cost optimisation for hypothetical example, cost factor of 0,5 
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cost optimization between city 1 and city 5 
cost factor= .75 
SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF O.SE STUDY NO. 
------------------------------------~---.------------- -----------------
CITY· TOTAL 
. '1000' 
FLOW 
NO; TRIPS 
'1000" 
GENERATED 
. . 
TOTAL 
"lE6 " 
COST 
DIAMETER 
------------------~----------------------------------- ----------------
5- 3632 3518 124660 4 
4- 3632 4248 133470 4. 
7- 3632 4208 140410 4 
6- 3632 6148 145550 6 
1- 3632 4638 148920 4. 
9- 3632 363 e· 152260 3 
.. 
2- .3632 3798 166320· 4 
8- 3632 4808 166860 5 
10- 3632 . 5108 169120 5 
3- 3632 4818 : 253290 5 
------------------------------------------------------ --------------~-
Main-Hub (City) Mini-Hubs Flow (Cities) 
Flow .a b 
" 
d e 
~------~--~----------------~-------------------------- ----------------
5~ 286S( 5) 990( 9) 955( 2) O( 0) 0( Or ·0 ( 0) 
... 
4- 2345 ( 4) 2205( 5) 990( 9 ) o ( 0) o ( 0) o ( 0). 
7- . 2615( 5) 1275 t 7) 990( 9) 955( 2 ) o ( 0) 0(. 0) 
6- . 2225( 6.1 1935 ( 5) 1845 ( 4) 1055( 1) 990 ( . 9) o ( 0) 
1- 2155( 1) 1745 ( 5) 1415 ( 21 975( 4 ) o ( 0) . 0 ( 0) 
9- 26.55 ( ·5) 'le60( 9 ') o ( 0) o ( 0) O( 0) o ( 0) 
2- 2445( 2) 1745( 5) 975(' 4) o ( 0) o ( 0) o ( 0) 
8- 2545 ( 5) 1880 i 81' 990( 9) 955( 2 ) O( 0) ·0 ( 0) 
10- 2020( 9 ) 2015( 5) 1800(10) 925 ( 2) o ( ,0) o ( 0) 
3- 2280 ( 3) . 1945( 2) 1335 ( 5) 975( 4 ) o ( 0) o ( 0) 
----------------------------~----------------~----~-----~-------------
Table 4.3C ::Hom~ hub cost optimisation for hypothetical example, cost factor 01 0.75 . 
. ! • • 
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cost optimization between city 1 and city 5 
cost factor= 3.0 
*********** •. *****************************************.************** 
SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO. 
-------~---------------------------------------------- ---------------- . 
CITY TOTAL NO. TRIPS 
"1000" "1000" 
FLOW GENERATED' 
TOTAL 
"lE6" 
COST 
. DIAMETER 
~-----------------~---------~-----------------------------~-----------
5- 3632 3928 124770 4 
4- 3632 4248 133470 . 4. 
1- 3632 4958 134520 5 
7- 3632 4·618 140520 4 
6- 3632 6148 . 145550 6 
9-. 3632 4048 152370 4 
2- 3632 3798 .166320 4 
8- 3632 5218 166970 5 
10· 3632 0 5108 169120 5 
3- 3632 4818 253290 5 
----------------------------------------------------------------------
Main-Hub. (City) Mini-Hubs Flow (Cities) 
Flow a b c d e 
---~-------------------------------------------------- ----------------
5- 2785t" 5) 990( 9 ) 95S( 2) 905 ( .4) o ( 0) o ( 0) 
4- 2345 (0 4) 2205 ( 5) 990( 9) O( 0) O( 0) o ( 0) . 
1- . 1935( 4 ) 1745 ( 5) 1515( 1) 1415( 2 ) o ( 0) o ( 0) 
7~ 2535( 5) 1275 ( 7) 990( 9 ) 955 ( 2) . 905( 4) o ( 0) 0
6
_ 
2225 ( 6f 1935( 5) 1845( 4) 1055( 1) 990( 9 ) . 0 ( 0) 
9- 257 S ( 5) 1860 ( 9) 90S( 4) o ( 0) o ( 0) o ( 0) 
2- 2445( 2) 1745 ( 5) °975( 4) o ( 0) o ( 0) o ( 0) 
8- 2465( 5) 1880 ( 8) 990 ( 9) 9SS( 2) 905( 4 ) o ( 0) 
10- .2020( 9) 2015(.5) 1800(10) 92S( 2) o ( 0) o ( 0) 
3- 2280.( 3) 1945 ( 2) 1335 ( 5) 975( 4) o ( 0) o ( 0) 
-----------------------------------------~---~------~- ----------------
Table 4;3D Homa hub cost optimisation for hypothetical example. cost factor of 3 
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with traffic flow of 955. The total cost of the network is reduced from 124,770 to 
124,660. With the cost factor of more than 1 between node 1 to node 5, the network 
does not change. The cost and traffic volume for principal hub and mini hub are 
unchanged - by looking at the results, one can make an observation that traffic flows 
between node 1 and 5 are sensitive to downward cost. 
4.10 Limitations of the Program 
The Homa Hub program is fully interactive and most of the options, which are 
necessary for the purpose of the study, are included in the menu. It is practical and 
user friendly, but like any other program there is considerable potential for 
improvement. There are, however, a number of limitations, of which four require 
noting at this point. They are: 
a) The program presently formulated is of the minimum link type and does not 
extend to a multi-hub network (although it could be upgraded to one). In its 
present form Homa Hub does not operate using thresholds, which would trigger a 
change from a minimum link to a multi-hub network. 
b) Homa Hub in its present form does not take into account the elasticity of demand 
for travel between city pairs. The model treats the number of trips generated as 
simply a function of legs between passengers' origins and destinations. 
c) The program is presently only calibrated for Iran but it is possible to recalibrate it 
for any country or area, providing the co-ordinates of the border and cities of a 
particular area are input in the same format as in the present program. 
d) There is a limit on the number of cities and nodes which the program can handle: 
for the present study 20 cities are used, but if more cities are required, it can be 
extended to any number (providing computer memory permits) - the dimensioning 
of the cities in the program has to be changed to the number required. 
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4.11 Summary 
In this chapter the conceptual structure of the hierarchical network concept has been 
described. The numerical Roma Rub model which is derived from the Rier-hub model 
has been created and implemented for the domestic air transport network in Iran. The 
Roma Rub program and its mathematical aspects have been set out and described. 
The input data which has been provided by different sources in Iran and the output 
data from the Roma Rub program has been explained. This provides the basis for the 
set of case studies to be presented in the next chapter (Chapter 5). 
4.12 Appendix (Homa Hub Input Information) 
Information and data about the domestic air transport network in Iran were obtained 
from the following sources: 
a) The Ministry for Transportation (provision of data sets) 
b) Director General of Iran Air (interpretation of data sets) 
c) Manager of Planning for Iran Air (provision and interpretation of data sets) 
d) General Manager of Asseman Airways (provision and interpretation of data sets) 
e) Director of the Iranian Civil Aviation Authority (ICCAA) (provision and 
interpretation of data sets) 
o Airport Authority in Tehran (interpretation of data sets). 
The data collected by the author on the Iranian air transport system were as follows: 
a) Data from the Iranian Civil Aviation Authority (ICCAA): (Tables 4.10 to 4.13) 
- Domestic traffic at each airport 
- Traffic data for the airports in Iran (mail, freight and passenger) 
- Details of all landings and take offs at each airport 
- Number of flights and passengers by all airlines into airports in Iran 
b) Data available from Iran Air: (Tables 4.4 to 4.9) 
- Number and type of operational aircraft 
- Number and capacity of aircraft 
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- Passenger arrivals by Iran Air 1983-1987,1990-1992 
- Passenger/km, seatlkm and load factors 
- Number ofIran Air flights and destinations for 1983-1987 and 
1990-1992 
- Average aircraft utilisation 
- Passenger costs and yield factors 
- Passenger data city pairs 
- Load factors for each sector 
- Frequency of flights on each sector 
- RLlO Iran Air monthly and yearly report (Table 4.18) 
- Comprehensive yearly management report 1990 
- Comprehensive management report August 1991 
c) Data from Asseman Ailways: (Tables 4.14 to 4.17) 
- Number of fleet and passengers flown on Asseman airways 
- Passenger/km, seatlkm available and load factors 1981-88 
After careful study and analysis of these raw data, supplemented by interviews with 
senior managers for both Iran Air and the CAA, it was considered that there was more 
than sufficient data available for the purpose of this study. 
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Table 4.4. Number of flight and distance covered by Iran Air 1983-87 
%Change 1987 1986 1985 1984 1983 y~. 
87·86 escription 
·4.3%. 65611 68558 57490 .56355 47587 Flight Time 
., 
Hours Total 
·5.2%' 35657 37621 29679 33282 ' 29389 Total Number' 
OfFliE:hts 
Distance 
·5.6% 33060 35031· 30554 30550 ' 26170 Covered 1000 
,Km 
Source: Iran Air 
Table 4.5 Average air'craft utilisation for Iran Air 1983-87 
%Chapge 1987 1986 1985 1984 1983 y~ 87-S{' ,Type . 
, , 
. Passenger 
-2% 
. 
6.85 6,97 ·5.83 5.77, 4.6 Aircraft 
HourslDay , 
+3 % . 5;44. 5.3 3.53 ' 2.71 2.72 Freighte~Aircraft , 
.. 
,HoursiDay 
Source: Iran Air 
Table 4:6 ,Passenge~, carried by Iran Ait 1983~87 
%Change 1987 1986, 1985 1984 1983 ~ 87·86' escriplion ' 
+2.7% 3,698,424 . 360,260 2,443,890 3,277,781 3,142,935 Scheduled 
Domestic Fliaht 
Scheduled 
.+10.5% ,1,007,700 911,794 923,414 761,502 478,061 International 
Flie:hts 
. Domestics 
-26.4% 220,374 299,602 260,045, 151,553 171,468 .Charter Flights 
-14~1 % 180,293 209,916 225,405 216,039 .131,897 Inrenational 
. Charter Flie:hts 
+0.4% 3;918,798 3,901,662 2,703,935 3,429,334 ., 3,314;403 Sub Total 
Domestic 
+5.9% 1,187,993 1,121,710 1,148,819 977,541 608,958 Sub Total 
, 
. International 
+1.7% 5,106,791 5023,372 3,852,754 4406.875 3,923361 Total D+I 
Source: Iran Air 
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Table 4.7 Table showing the costs for Iran Air during 1982-86 
for domestic ni!!hts· 
~ 1986· 1985 1984 1983 1982 escription 
PAS.S 49.7 54.7 47.1 47.7 48.7 
CostlA.T.K(Rials) 
Cargo " I 69.2' . 
CostIR.T.K(Rials) 
77.8 65.0 62.2 69.4 
·PASS. 6.8 7.6 6.4 6.1 6.6' . 
CostIR.T.K(Rials) 
Overall Loa d 71.8 70.4 72.4 76.6 70.1 
Factor% 
PASSLo"ad 83.6 82.3 84.5 83.5 ·76.5 
Factor% . 
PASS CostlA.S.K ... 5.7 6.2 5.4 5.1 5.1 
Yield (Rials) 6.6 5.9 6.5 6.5 6.5 
Table 4.8 Number and type of operational aircraft; Iran Air 1987 
. Total Freighter~ Passenger Type. Of Aircraft 
- ."!. Aircraft 
8 l' 7 B747 .. 
5 . '. A300 
4 1 3 B 701 
. 
6 - 6 B 727· 
3 
-
3 B 737 
" 2 Total 
: 
26 24 Source: Iran Air 
Table 4.9 Number and capacity of the aircraft in Iran Air Fleet, 83~87 . 
. . 
jYear 1987 ·1986 1985 1984 1983 ! 
l Descr.iEtion .. I 
:'fotal No 
IPassenger Aircraft 
24 25 25. 26 26 
rTotal Cpacity , 5856 
Seats '. ~ 
5959 5959 6371 6371 
[rotal No Freiahter 2 2 2 4 4 
• b Aircraft 
Total Capacity 135 130. 130 260 260 , 
!Tons .. 
, 
Source: Iran Air 
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Tnble 4.10 Dctnilsof nU Ihe In;,dings nnd tnlce-oIT nt Shirnz nirport 
Iype 01 nlghl Tolol Foreign Mllllory f Air Foreign Non" M""ory fll his Monlh 
tocol Non-Schedule Scheduled M""ory Array Array ForeD Non·M""ary Prlvels ICM RITV Olhers Red ICM Asse Agrll Ass Mlnlslry Iran 
fllghls fllghls fllghls fllghl Sorder fIIghls . FIIQhls Club Cross , man AllWoys 01 ),Ir 
1502 379 637 2518 1 10 1 31 6 3 618 January 
1486 610 592 2688 .37 31 5 67 20 2 ·6 592 Febuary 
1MB 434 584 2666 5 .46 12 4 584 March 
102B 310 544 1982 2 43 2 4 12 3 548 April 
988 316 512 1916 4 4 3 8 12 47 3 514 May. 
1084 463 666 2113 4 2 61 2 4 668 June 
1098 383 758 2239 79 8 4 . 2 75B July 
1202 292 492 1986 27 12 5 1 492 Augusl 
1202 385 .423 2010 5 4 20 48 13 423 Seplambar 
2016 401 418 2835 30 41 12 86 418 October 
2146 453 396 2997 65 105 418 November 
1389 463 444 2301 40 153 2 443 December 
16789 4989 6472 28251 - 58 35 21· 113 54 443 2 87 436 24 6376 Tolol 
Source: ICAA 1990 
Table- 4.11 Landing and take-ofT for the airports in Iran 
-Tolal· - 2nd ls1 41h 3rd 2nd 101 
Half Half Quarter Quarter Quarter Quarter Airport 
ABD 
2393 1117 1276 404 713 774 502 OMH 
23244 10653 12591 5369 5284 5820 6771 IFN 
12448 2555 9893 1414 1141 4322 5571 AWl 
1C040 5158 4882 2750 2402 2304 2578 BND 
836 504 332 276 228 168 164 BDH 
11119 5523 - -5596 3018 2505 3110 2486 BNZ 
282 - 136 963 21 110 877 86 BERJAND 
1094 131 963 21 110 877 86 PAD 
10341 . -4039 - 6302 2296 1743 -3201 3101 TBZ 
8194 2636 5558 1278 1358 2835 2723 IFN New Airport 
228 150 72 94 -62 44 28 KRD 
7CCJ - 298 402 170 128 216 186 BZR 
3361 1747 1614 1295 452 861 753 RAS 
3747 _ 1855 1892 995 86 902 990 ZAH -
1618 806 812 395 411 468 344 CANNADAG 
28251 14368 13883 8133 6235 6011 7872 SYl 
1580 424 1150 326 98 417 739 GHAZVIN 
7689 3617 4073 - 622 1994 -1794 2279 KHR 
18746 9606· 9140 4572 5034 4635 4505 BAKHTARAN 
1080 163 917 83 80 832 - 85 GORGAN 
18327 6143 12184 2772 3371 8796 3388 MHD 
-71007 30960 40047 15702 15258 20263 19784 THR 
3482 1601 1881 775 826 1245 636 NSR 
444 154 2<;Q 49 105 106 184 HAMADAN 
2960 1495 1465 934 501 648 817 AZD 
476 220 250 110 110 110 - 146 ABL 
Source: Iran Air 1992 
, 
--
10 8 
Table 4.12 Traffic data for the airports 'in Iran 1982 
landing Mail Fli~ ht, Passenger Airport 
Take-Off Arrivals Dep Arrivals Dep Arrivals Dep 
71007 124716 865361 4731473 6734297 939042 931357 Domestic THR 
375716 1453457 8746299 3242136 105476 126632 InteN-
28251 23770 47805 1741963 870986 ' 239679 276957 Domestic SYl 
16622 1203 40751 22739 31305 29815 Inter- , 
23244 40042 5739, 802366 167604 156251 153252 DomestiC IFN , 
10040 8780 9221 1108403 432422 106867 117589 BND 
594 1284 57862 57708 11394 · BDH' 
11119 , 9974 ' 10563 611237 248287 38256 41213 · BUZ 
I 282 4185 4307 · TBZ 
10341 996 5623 454182 ,260214 97698 100271 · MHD 
700 11012 10269 · ZAH 
, 3361 107 3919 60516 26647 17561 18097 · ZBR 
3747 12051 20543 976749 525309 101334 106829 · KER 
7689 8918 8639 345743 39107 54257 49448 · OMH 
1018 ,1409 · ABD 
18327 20985 18943 1761947 1420374 402160 385868 · SRY 
3482 ' 5856 7002 · AWl 
2960 4372 6783 184943 28293 27890 26581 · AZD 
5440 3910 510563 199912 16269 16796 · KHK, 
1730 14CXl 149342 ' 72492 6057 6125 · KIH 
4674 799 496509 15324 24596 24069 · KSH 
476 12288 12695 · ZBL 
-
Source: ICAA 1990 
Table 4.13 Domestic traffic at Shiraz airport 1983 
" 
No. Of Meil Flicht ' Passenaer Month 
lending' Arrivals Dep Arrivals Dep Arr!vels Dep 
Take-OH 
2206 2345 4456 124830 246431 24195 25736 Jenuarey 
2988 5138 7704 183622 405161 22596 24343 Febuery 
2471 2266 5118 219824 408187 23673 26637 March 
2362 4414 2638 232337 392819 2367.8 ' 26333 April 
2505 3113 2244 260058 441520 29366 30201 May 
2751 6186 3246 285293 294832 33015 ,33089 June 
2317 2196 2509 243837 289375 25725 25902 July 
2922 2567 4605 291326 499574 25910 26788 Auoust 
2581 4151 4130 358630 393461 28<178 30134 September 
1997 <17<12 <1373 360930 425615 29663 31222 October 
2046 3919 6029 29277<1 492301 30456 32143 November 
2082 <1347 5955 341<134 400653 39073 39076 December 
29227 45384 53007 319<1895 <1689929 335828 355604 Total 
Source: rCAA 1990 
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. Table 4.14 Number of flights time, passengers carried & distance covered by 
Asseman Airways 1981-88 
Distance Passenger Flight Number Description 
Covered Carried Time Of 
1000 Km ·Hours Fli2hts Year. 
1982· 175941 2770 1453· 81 
2640 231348 3640 4514 82 
3752 315588 5377 7050 83 
·4004 347540· 6036 6420 84 
3246 260509 4940 5093 85 
2768 . 252929 4104 4295 86 
4686 423657 6945 7202. 87 
2289 230097 3426 3676 * 88 
25367 2237609 37238 39703 Total 
Source: Asseman Airways 1990 
* Data· Onlv Available For The 1st Six Months Of 88 
Table 4.15· Assemans's ·fleet 1988 
Capacity. No.Of Type Of Aircraft 
Aircraft 
85 2 F28 
44 1 F 27 
44 2 Fairchild 
10 3 Falcon 
. 5 11 Aero Commandr 
8 3 Chef ten 
8 2 BNI 
-
24 Total Source: Assem:tn Airways 1990 
Table 4.16 Number and capacity of the aircraft in Assem.an's fleet, 81-88 
Year 
85 88 87 86 85 84 83 82 
Description 
24 24 30 . 31 32 32 32 32 No. Of 
Aircrafts 
427 427 475 485 495 495 495 495 Total Capacity 
Seats 
Source: Asseman Airways 1990 
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Table 4.17 Passenger/Km and seats/Km available & load factor for 
Asseman 1981-88 (on scheduled flights) 
Load SeaUKm PassengerlKm Description 
Factor Available Carried Year 
82.9% 159866188 132593065 1981 
·80.8% 214935216 173758502 1982 
79.6% 297533160 236748005 1983 
83.4% 305999804 255134987 1984 
77.2% 246220772 190095870 1985 
87.6% 214155232 187601862 1986 
84.3% 362700182 305698677 1987 
92.7% 175914246 163102323 *1988 
Source: AssemanAirways 1990 
. Table 4.18 Sample ofIranAir data 
! . 
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CHAPTER 5 
CASE STUDY RESULTS AND DISCUSSION 
5.1 Introduction 
In this chapter, the results of three case studies are examined in detail. Each case study 
is a product of the Homa Hub model presented in the previous chapter. For each case 
study a number of optimisations have been calculated and are compared, some of 
which have been represented graphically so that differences between them may be 
visualised. These three case studies are also based on information presented in 
Chapter 2, in particular on the cultural, economic and political significance of Iran's 
20 major cities (see section 2.6). Tehran, as a capital city, is included in each case 
study. The next three largest cities - Isfahan, Shiraz, and Mashad - which are also of 
major political and economic significance, also feature in each case study. The 
remaining 16 cities are included for similar reasons, which have been presented and 
discussed in section 2.6. 
The first case study is based on annual data for 1992. These data are O-D data for all 
20 cities in the domestic air network. The detailed results are calculated using the 
Homa Hub model. On the basis of these predictions, seven separate optimisations for 
this case study have been carried out - three are cost-based and the remaining four are 
passenger flow-based. These are as follows: 
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a) Cost optimisation between Tehran and all other 19 cities in the domestic air 
network. 
b) Cost optimisation between the four largest cities in Iran - Tehran, Isfahan, Shiraz 
and Mashad. 
c) Cost optimisation between Tehran and the most costly city as a hub - Khark. 
d) Passenger optimisation between Tehran and all other 19 cities in the network. 
e) Passenger optimisation between 8 major cities with high traffic volumes - Tehran, 
Isfahan, Shiraz, Mashad, Zahdan, Bandar Abbas, Tabriz and Abadan. 
o Passenger optimisation between Tehran (best hub city in cost tenns) and Khark 
(worst hub city in tenns of cost). 
g) Passenger optimisation based on the 9 cities in the south of Iran - Isfahan, Shiraz, 
Zahdan, Bandar Abbass, Bandar Lengeh, Busher, Kish, Abadan and Khark. 
These optimisations were selected and based on an a priori assessment of choices of 
possible network configuration based on the range of factors and circumstances which 
are unique to Iran, and discussed in Chapter 2. These include such factors as: special 
demand patterns; the economic, cultural and political significance of these cities; and 
the key role of Tehran in national life. In addition, they allow for the testing of 
different network configurations in the light of the existing pattern of domestic air 
services. 
The second case study is based on data for the peak month in 1990. These data are 
also O-D data for all 20 cities in the domestic air network. The detailed results are 
based on Homa Hub calculations and six optimisations have been carried out - three 
cost-based and three which optimise passenger flows. They were selected on the same 
grounds as for the first case study and are as follows: 
a) Cost optimisation between Tehran and all other 19 cities in the domestic air 
network. 
b) Cost optimisation between Tehran and 8 low traffic density cities - Ahwaz, 
Unnieh, Kennan, Yazd, Sary, Rasht, Abadan and Khark. 
c) Cost optimisation based on the 9 cities in the south of Iran - Isfahan, Shiraz, 
Zahdan, Bandar Abbass, Bandar Lengeh, Busher, Kish, Abadan and Khark. 
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d) Passenger optimisation between Tehran and all other 19 cities in the domestic air 
network. 
e) Passenger optimisation between the 10 minor cities in Iran - Ahwaz, Kish, 
Urmieh, Tabriz, Kerman, Yazd, Sary, Rasht, Abadan and Khark. 
o Passenger optimisation between the four largest cities in Iran - Tehran, Isfahan, 
Shiraz and Mashad. 
The third case study is based on annual data for 1992 for the eight major cities, which 
are important for their economic status, their political significance and/or their traffic 
flows. The data consist of O-D data for all eight cities. The detailed results are based 
on Homa Hub calculations and five optimisations for this case study have been carried 
out - two cost-based and three passenger flow-based. They were selected on the same 
grounds as for the first two case studies and are as follows: 
a) Cost optimisation between Tehran and the other 7 cities in the core domestic air 
network. 
b) Cost optimisation based on the two largest cities in Iran - Tehran and Mashad. 
c) Passenger optimisation between Tehran and the 7 other cities in the core domestic 
air network - Isfahan, Shiraz, Badar Abbas, Zahdan, Mashad, Bandar Lengeh and 
Chabahar. 
d) Passenger optimisation between Tehran and the 4 least traffic density cities -
Zahdan, Chabahar, Bandar Abbas and Bandar Lengeh. 
e) Passenger optimisation between 7 cities but excluding Tehran - Isfahan, Shiraz, 
Mashad, Zahdan, Chabahar, Bandar Abbas and Bandar Lengeh. 
Each of these three case studies will now be described in detailed. Each case study 
will illustrate the effect of different optimisations on the network. All the 
optimisations have been carried out using both cost and passenger flow factors of 
0.25,0.5,0.75, 1, 1.5,2,2.5 and 3 respectively (as described in section 4.8). 
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5.2 Case Study One: Annual Traffic 1992 
In this case study all 20 cities in the domestic air transport network are considered and 
the data used are of traffic flows through the network during 1992. The approach 
follows a standard procedure. Firstly, the data are input into the Homa Hub model and 
the results calculated for the optimal Homa Hub network. Secondly, the network is 
then optimised in terms of both total cost and passenger flows. Table 5.1 shows the O-
D data of the passenger flow matrix (in 1000 passenger trips) of the 20 node network 
during 1992 in which each element represents the travel demand between each O·D 
pair a total of 4,796,000 passengers across the whole network. Table 5.2 shows the 
matrix of transport costs for the same network in which each element represents the 
transport cost (in 1000 Rials) between the corresponding O-D pairs. The element 999 
means that no direct link exist between a city-pair and so an indirect path must be 
taken. 
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Table 5~1 Pnsscngcr now or cnch city Jlnir (1000); ycnrly 1992 
-Tlllt ISI' 5\'7- MlIlI 7.AJi 7.IU\ UN" IIIJII KSII nUl. I\WZ Kill OMII TUZ, KEll A7.U SIlY illS AUIJ KIIK 
--TIIIl 11 15·1 217 277 71 26 Jl!L 1·1 311 . HR 56 (,8 7-1 173 91 65 7 2·1 25 I) 
I~F 1).1 Il IS )1. ~ 1.1 12 11 III ·1 10 5 5 5 4 HI .~ 5 10 0 
--SYI.. 11 I 15 11 27 11 11 27 12 10 2 10 III (I 5 10 .~ 11 I) 10 15 
--M'III III ~ 27 I) 7 I~ (, 5 _5_· Cl III I) 0 -I 7 7 11 J 10· n ZAII I I !) n 7 0 _5 __ · -'~-- 11 5 III 11 0 0 8 5 0 11 n 11 --ZIIIl ,. 11 11 () !) 11 7 .~ 0 5 (1) n 0 () _5_ 5 . ~ 0 0 0 I) 
I1Nf) 1.'11 12 ~ Cl 5 7 n 5 0 5 10 10 0 0 5 2· 0 15 U 14 
"011 
" 
_Il_ 
. ..!L 5 5 5 5 0 \1 5 H) 5 0 0 Il I) 0 11 In :; K'" .'1 ~ III III 5 11 0 11 0 0 _0_ 0· II 0 10 0 5 11 5 U 0 
111.11.. :c:c ~ L- (, 5 5 \ \ ~ 11 _5_._ .\ I) 11 5 n 11 n 5 I) 
---- ----AWl. 5(. W III 
_I_l!_ Il! 10 (11 H) 0 5 I) 5 n III 5 () 0 5 III 5 
-- --Kill 6X 5 III 0 n (I III ~ n _5_ 5 0 0 5 \1. 0 0 0 5 0 
-- -- --I.J~ 111 74 _5_ 1) IJ Il iI () 11 IJ I) IJ IJ 0 10 () 0 0 5 0 Cl 
-- -- --Till. 17.1 _5_ 5 
" 
n () . 11 ()" In 11 (1) 5 III n 5 11 11 8 5 0 
---- --
~ 
----KI;H 91 -I III 7 X 5 _5_ 11 . () -'~-. _5 __ IJ· () .~ 0 10 0 0 5 0 110 --I\Zl' 05 ~ 7 .~ . _5_ 2 11· _5 __ _I_I- II 11 11 (l 10 11 11 11 11 -1)--~
!\IO' 7 I~ 11 0 Il ·0 11 Il I) (l n 11 0 0 11 U IJ 10 n 0 
----illS 2·1 
-,\- 11 ) Il 11 15 11 5 _0- 5 0 5 R _0_. _ Il III _o- S u 
----/1.111 , 
.25 III III I() 11 U n III Il _5_ 10 5 U 5 5 0 0 5 0 5 
-- --
.:IU: .) 11 15 (l 11 (I 1·1 .\ 0 0 5 11 0 0 0 I) 0 0 5 0 
Source:Jrall Air 1992 
Tnble 5.2 Cos! of ~nch ci~Y "nid pnssenger (1000 Rinl); yeni'll' 1992. 
'1'1111 ISF S\'Z "11111 ZAII Wit UNO 11011 KSII I.IUZ AWZ Kill OMII TlIl. KEn Al.l) sny illS ADD KIIK 
Tlllt ---- --'JI)!) 
'I IJ _1_5_ I.~ 1'1 1(0 1(0 III I.~ IJ 1(, 11 11 13 12 ~ !l 14 20 
--ISi' ~, ~99 III 11 13 9~9 1·1 9Y~ )0 12 11 2f) 
....!.L- _I_.~- 12 H I[) 10 11 ~)I)9 
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5.2.1 Results of Case Study One 
Table 5.3 shows the results of the calculations for the optimal Roma Rub network. 
Fi ve initial observations can be made based on these results, as follows: 
a) If Tehran (city 1) were to become a principal hub, it would handle total traffic of 
6,276,000 passengers. Figure. 5.1 shows the resulting network. (These results have 
followed the basic numerical procedure presented and discussed in sections 4.6 
and 4.10 of the previous chapter and the resulting graphical output shown in 
Figures 4.6 and 4.9.) There would as a consequence be no secondary hubs. The 
minimised total flow cost of the objective function would be 84,164 (1OE' Rials). 
Passengers would need to include one stop between their origin and destination. 
Total trip generation would be 1,480,000 on this network and the diameter of the 
network would be 2; this means the maximum number of stops the passenger 
would have to make to get to their final destination would be 2. 
b) If Isfahan (city 2) were to become a principal hub, it would handle total traffic of 
4,278,000 passengers. Figure 5.2 shows the resulting network. In this case there 
would be four mini-hubs (nodes 1, 3,7 and 10) with flow volumes of 1,756,000, 
746,000,401,000 and 199,000 passengers respectively. The total flow cost would 
be 103,250 (1OE' Rials). These results show that Isfahan would attract a cost 
penalty of 22% above the least cost solution where the principal hub would be 
Tehran. The total trips generated would be 4,318,000 and the diameter of the 
network would be 4; this means the maximum number of stops a passenger would 
have to make to get to their destination would be 4. 
c) If Shiraz (city 3) were to become a principal hub, it would handle total traffic of 
4,142,000 passengers. Figure 5.3 shows the resulting network. In this case there 
would be 5 mini-hubs (nodes 1,2,7,16 and 10) with flow volumes of 1,736,000, 
564,000, 401,000, 318,000 and 199,000 passengers respectively. The total flow 
cost would be 116,632 (1OE' Rials). These results show that Shiraz would attract a 
cost penalty of 38% above the least cost solution where the principal hub would be 
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----------------------------------------------------------------------
CITY TOTAL NO; TRIPS 
"1000" "1000" 
FLOW GENERATED 
TOTAL 
M1E6" 
COST 
DIAHETER 
----------------------------------------------------------------------
1- T",hran (THR) 4796 14 80 84164 2 
2- Is fahan . (IFN) 4795 4318 103250 4 
9- Kermanshahan (KSH) 4795 2750 103916 3 
13-Urmfeh· (OMH) 4796 2588 10438B· 3 
3- Shinz (S)'Z ) 4796 4212 ll6632 4 
16-Yazd (AZD) 4796 5290 lH706 5 
. 7- Bandarabbas (BHD) 4796 3992 ll8196 4 
5- Zahdan (ZJ>.H) 4796 4478 ll8888 4 
11-Ahw.z (AWZ) 4796 5200 122700 4 
10-Busher (BUZ) 4796 4424 126492 4 
8- Bandarlengeh (BDH) 4796 6432 128244 4 
17-Sary (SRY) ~i96 7008 128432 4 
18-Rasht (R."S) 4796 6964 128694 4 
12-Kish (KIH) 4796 6536 128976 4 
15-Kerman (KER) 4796 6086 131156 4 
14-Tabri~ (TB::') 4796 4128 135426 3 
4 - Mashad (];HD) 4796 3862 135786 4 
6- Chabahar (ZBR) 4795 7196 150336 5 
19-Abacan (p.BD) 4795 7200 16H08 4 
20-Khark (KHKr 4796 7556 168484 5 
-------~---------------------------------------------- ----------------
Main-Hub (City) Mini-Hubs Flow (Ci ties) 
Flow a b c d e. 
----------------------------------------------------------------------
1- 6276 C 1) o ( 0) o ( 0) o ( (n o ( 0) . o ( 0) 
2- ,4278 ( 2 ) 1756 ( 1) 745 ( 3) 40l( 7 ) 199 (l0) o ( 0) 
9- 3100 ( 1 ) 1348 ( 9) o ( 0) o ( 0) o ( 0) 0( 0) 
13- 3118 ( 1 ) ll47.(13) o ( 0) o ( 0) . o ( 0) o ( 0) 
3- U42( 3) 1735( 1 ) 564( 2) 4Dl( 7 ) 318 (16) 199 (l0) . 
16- 4418(6) 1756 ( 1 ) 920 ( 2) 5ll ( 7 ) 256( 5) 199 (10) 
7- 3.965 ( 7 ) 1836( 1 ) 480( 2) 199(10) o ( 0) 0(· 0) 
5- 3970 ( 5) l836( 1 ) .sS3( 7) 564 ( 2) 199(10) O( 0) 
11- 4060(11) 1836 ( 1 ) 961 ( 7 ) 614 ( 2) 269(10) (I ( 0) 
1(1- 4061(10) 1836( 1 ) 614( 2) 401 ( 7 ) o ( 0) o ( 0) 
8- 3756 ( B) 2151 ( 7 ) . 1906 ( 1 ) 1204 ( 3 ) 199 (1(1) o ( 0) 
17- 4077 (17) 2746( 2 ) 2~3 0 ( 1 ) o ( (I) o ( 0) 'O( 0) 
3. a:" 4055 (l8) 2746 ( 2 ) :: ~3 Cl ( 1 ) o ( (I ) o ( 0) o ( 0) 
12- 3762 (12) 2151 ( 7 ) 1906( 1) 1204( 3) 269(10) o ( 0) 
15- H18 (15) 1836( 1) 1232(16) 593 ( 7) 446 ( 2) 256( 5) 
14- 3467 (l4) 259-'( 1 ) (I ( (I) o ( (I) O( 0) O( 0) 
4- 4044 ( 4 ) 1694 ( 1 ) 511( 7 ) 446 ( 2) 256( 5) 199 (10) 
6- 3403 ( 6 ) 2399( 7 ) H06 ( 1 ) 1568 ( 5) 199 (10) o ( 0) 
19- 4158 (19) 3132 ( 2) 1694 ( 1) 401 ( 7) 349 (10) o ( 0) 
2(1- 3961(10) 3115(20) 1862 ( 1 ) 633( 7 ) 496 ( 2) o ( 0) 
----------------------------------------------------------------------
Table 5.3 Results of case study-I; )'early 1992 
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Fig. 5.1 Picture of the Iran-network with Tehran-city as a principal hub 
Fig. 5.2 Picture of the Iran-network with lsfahan-city as a principal hub 
Fig. 5.3 Picture of the Iran-network with Shiraz-city as a principal hub 
Tehran. The total trips generated would be 4,212,000 with a diameter of 4 , and so the 
max imum number of stops would be 4. 
d) If Mashad (city 4) were to become a principal hub, it would handle total traffic of 
4,044,000 passengers . Figure 5.4 shows the resulting network. In thi s case there 
would be 5 mini -hubs (nodes 1, 7,2,5 and 10) with flow volumes of 1,694,000, 
511,000,446,000, 256,000 and 199,000 passengers respectively. The total fl ow 
cost would be 135,786 (IOE' Rials). These results show that Mashad would attract 
a cost penalty of 60% above the least cost so lution where the principal hub would 
be Tehran. The total number of trips generated would be 3,862,000 passengers 
with a diameter of 4, and so the maximum number of stops would be 4. 
e) If Khark (city 20) were to become a pJincipal hub, it would handle total traffic 
flow of 3,1 15 ,000 passengers. Figure 5.5 shows the resulting network. In thi s case 
there would be 4 mini hubs (nodes 10, 1, 7 and 2) with flow volumes of 
3,961 ,000, 1,862,000, 633,000 and 496,000 passengers respectively. The total 
flow cost would be 168,484 (tOE' Rial s). These results show that Khark would 
attrac t a cost penalty of 100% above the least cost solution where the principal hub 
would be Tehran. The total number of trips generated would be 7,556,000 
passengers with a diameter of 5, and so the maximum number of stops would be 5. 
These five results provide examples, which illustrate the effects on a network of 
choosing a different city as a principal hub. The effects of choosing other cities as a 
principal hub are shown on Table 5.3; each hub has a total traffi c vo lume greater than 
its row or column sum because it must handle transfer flows. In thi s case the ' best' 
principal hub city in terms of cost would be Tehran with 84,164 (IOE' Rials) and the 
'worst' principal hub city in terms of cost would be Khark with 168,484 (tOE' Rials); 
the other cities as hubs in terms of total cost lie between these two extremes. Anyone 
of the nodes could in theory become a principal hub but they each would have a cost 
penalty allocated to them. For example, Khark would attract a cost penalty of 
84,320(IOE' Rial s) when compared to Tehran. 
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Fig. 5.4 Picture of the Iran-network with Mashad-city as a principal hub 
Fig. S.S Picture of the Iran-network with Khark-city as a principal hub 
As noted previously in section 4. 10, Homa Hub is based on a minimal spanning tree 
approach and so there can only be one path for any passenger flow. It is important to 
remember therefore that these results do not extend to a multi -hub network structure, 
neither do they allow for other route types. However, like Hier-hub, Homa Hub 
requires no a prioli knowledge about the optimal number of hubs to be estab li shed ; 
instead , it derives the number endogenously. 
Figure 5.6 shows the percentage of passenger flows going through each city if acting 
as a principal hub; for example, Tehran (city 1) has no secondary hub so 100% flows 
through it as the principal hub, whereas Khark (ci ty 20) has 4 mini hubs and onl y 
about 40% of the total flow as the principal hub since the remaining 60% would fl ow 
through other secondary hubs. In fact only in the case of Khark does the flow through 
a secondary hub - mjni hub (a) - exceed the flow through the principal hub. 
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5.2.2 Case Study One: Cost and Passenger Optimisation 
Seven separate optimisations have been calculated for this first case study. The results 
are shown in 14 figures showing the effects of optimisation on the network together 
with 16 tables showing the results of the calculations. In order to avoid excessive 
detail for this case study, only two sets of optimisation results are shown and 
discussed; the remainders are shown in the form of figures and tables only. All the 
optimisations have been calculated using the factors of 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5 
and 3. 
5.2.2.1 Cost Optimisation of All Cities 
The effect on trip generation of cost optimisation of all cities is shown in Figure 5.7 
and Tables 5.4 to 5.11 (Appendix 1). In the case of Tehran, low factors (for example, 
0.25,0.5" etc.) have no effect on trip generation or its place in the cost chart, but with 
factors over 1 the number of trips generated increases and peaks at 4,426,000 at a cost 
optimisation factor of 3 (Table 5.11). At a cost optimisation factor of 2, Tehran is no 
longer a city without a secondary hub; Shiraz (city 3) now acts as a mini hub with a 
traffic flow of 451,000 (Table 5.9). At a cost factor of 2.5, Tehran is in 5th place in 
the table with a trip generation of 2,670,000 and three mini-hubs (nodes 2, 3 and 7) 
with passenger flow volumes of 1,542,000, 451,000 and 383,000 respectively (Table 
5.10). At cost factor of 3, Tehran is in 5th place with a trip generation of 4,426,000 
and 4 mini hubs nodes (2, 18, 3 and 7) with flow volumes of 2,698,000, 901,000, 
785,000 and 383,000 passengers respectively (Table 5.11). It is clear from this 
analysis that cities 6, 8, 12 and 17 are most affected by this cost optimisation that is, 
Chabahar, Bandarlengeh, Kish, and Sary. The least affected cities are 1,2 and 15 that 
is Tehran, Isfahan and Kerman. 
The effects of cost optimisation on total cost are shown in Figure 5.8. Tehran is the 
'least cost' principal hub up to a cost factor of 1. At a cost factor of 1.5 Isfahan (city 
2) replaces Tehran as the most cost-effective principal hub and pushes Tehran into 
second place by a small margin. At higher cost factors Isfahan maintains its position 
at the top of the table as a minimum total cost node. At a cost factor less than 1 the 
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costs do not change significantly but as the cost factor increases there are marked 
changes between the cities. The most affected cities are 4, 6, 8, 12, 14 and 20 
(Mashad, Chabahar, Bandarlengeh, Kish, Tabriz and Khark) and the least affected 
nodes are 2, 3, and 1 (Isfahan, Shiraz and Tehran). 
5.2.2.2 Cost Optimisation of Four Largest Cities. 
The effects of cost optimisation for the four largest cities of Tehran, Isfahan, Shiraz 
and Mashad (cities 1,2,3 and 4) on trip generation are shown in Figure 5.9. As the 
cost factors decrease from 1 or increase from 1, trip generation at all four cities 
increases and peaks at 3; the principal hubs and mini hubs also change and as cost 
increases passengers are put through different hubs. At a cost factor of 0.25, Tehran 
maintains its top position but it has 3 mini hubs (nodes 3, 2 and 4) with traffic 
volumes of 1,425,000, 698,000 and 665,000 passengers respectively. Also at a high 
cost factor of 3 Tehran has two secondary hubs (nodes 11 and 18) with traffic volumes 
of 901,000 each. The most affected cities in terms of trip generation are Tehran, 
Isfahan, Shiraz and Mashad (nodes 1,2,3,4 and 17) and the least affected is Kerman 
(node 15). 
The effects of cost optimisation for the four largest cities on total costs are shown in 
Figure 5.10. At low cost factors all four cities are at the top of the table - Tehran has 
the minimum total flow cost followed by Isfahan, Shiraz and Mashad at 6th position 
with a total cost of 59,960 (lOE' Rials). As the cost factors increase, Isfahan, Shiraz 
and Mashad (nodes 2, 3,4) are affected sharply. At a cost factor of 3, Mashad is the 
'heighest cost' hub city at 180,000 (lOE' Rials). The most affected city is Mashad, in 
which the cost is tripled, and the least affected is Kerman (node 15) with no change in 
total cost. Tehran retains its position as the minimised total flow cost throughout. 
5.2.2.3 Cost Optimisation of Tehran and Khark 
The effects of cost optimisation between Tehran and most costly hub, Khark, on trip 
generation are shown on Figure. 5.11. As the cost factors decrease, trip generation for 
Khark (node 20) decreases, but for Tehran (node 1) there is no change at 1,404,000. 
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At a cost factor of 0.25 Khark is the third lowest node in tenns of trip generation at 
3,026,000, but as the cost factors increase, the number of trips generated for Tehran 
increases very slightly to 1,450,000 whereas for Khark it has a large increase to 
4,986,000. Tehran at low cost factors has no secondary mini hub but at high cost 
factors there is one secondary hub at Shiraz - (node 3) with traffic flow of 451,000; 
other cities in tenns of trip generation have not been affected. 
The effects of cost optimisation for Tehran and Khark are shown in Figure. 5.12 At a 
low cost factor of 0.25, Khark becomes the second best cost effective principal hub 
city, but throughout the optimisation procedure Tehran has the minimum total flow 
cost at 78,486 (lOE" Rials). There is no affect on other nodes. As Khark has a very 
low traffic flow and is not connected to other nodes, the cost optimisation does not 
affect the total cost or the number of trips generated at other nodes. 
5.2.2.4 Passenger Optimisation of All Cities 
The effects of passenger optimisation for all 20 cities on trip generation are shown in 
Figure. 5.13. As the numbers of O-D passengers increase or decrease with different 
factors it does not have any affect on Tehran. Trip generation is 1,404,000 throughout 
the passenger optimisation but it has different effects on other cities as nodes. For 
example Khark (node) 20 has its trip generation increased from 3,070,000 at a 
passenger factor of 0.25 to nearly 16,000,000 passenger trips at a passenger factor of 
3; on the other hand Unnieh (node 13) has its trip generation only increased from 
2,076,000 at a passenger factor of 0.25 to 4,500,000 passenger trips at a passenger 
factor of 3. As far as the change in secondary hubs is concerned, Tehran would be the 
best principal hub with no secondary hubs throughout this optimisation and the effect 
on other cities has been slight. Tables 5.12 to 5.19 (Appendix 1) illustrate the results 
in full. The most affected cities are Chabahar, Kish and Khark (6, 12 and 20) and the 
least affected are Tehran and Unnieh (1 and 13). The effects of passenger optimisation 
on total flow cost are shown in Figure. 5.14. At lower passenger factors the increase in 
flow costs is gradual but at higher passenger factors, the increase is sharp and the most 
costly nodes are easy to identify. The least effected cities are Tehran and Unnieh (1 
and 13) and the most affected are Mashad, Chabahar and Khark (4, 6 and 20). As the 
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network changes with different passenger factors the increase in total flow cost is not 
linear. 
5.2.2.5 Passenger Optimisation of Eight Major Cities 
The effects of passenger optirnisation for 8 major cities - Tehran, Isfahan, Shiraz, 
Mashad, Zahdan, Bandar Abbas, Tabriz and Abadan (1, 2, 3, 4, 5, 7, 14 and 19) on 
trip generation are shown in Figure. 5.15. As most of the originating traffic is from 
Tehran the effect of passenger optirnisation on trip generation for Tehran is gradual, 
from 1,100,000 passenger trips at a passenger factor of 0.25 to 2,180,000 passenger 
trips at a passenger factor of 3. On the other hand, the effect of passenger optimisation 
on trip generation for Chabahar (node 6) is very sharp, from 4,118,000 passenger trips 
at a passenger factor of 0.25 to 14,796,000 passenger trips at a passenger factor of 3. 
In terms of trip generation the most effected nodes are Chabahar, Kish, Sary, Rasht 
and Khark (6,12, 17, 18 and 20) and the least effected are Tehran and Urmieh (1 and 
13). The effect of this passenger optimisation on the order of the table is slight and 
Tehran and Khark remain the 'best' and 'worst' principal hub cities respectively. 
The effect of this passenger optirnisation on total flow cost is shown in Figure. 5.16. 
The total flow cost for all cities has increased nearly uniformly and the order of the 
'best' principal hub city is almost unchanged, with Tehran as the 'best' and Khark as 
the 'worst' principal hub city. 
5.2.2.6 Passenger Optimisation Between Tehran and Khark 
The effects of passenger optimisation between Tehran ('best' hub in cost terms) and 
Khark ('worst' hub) on trip generation are shown in Figure. 5.17. Traffic flow 
between Tehran (node 1) and Khark (node 20) is only 9,000 and this is not sufficient 
to have an effect on the network. Total traffic flow has increased from 4,588,000 
passengers at a passenger factor of 0.25 to 4,638,000 passengers at a passenger factor 
of 3. There is no change in the network. The effect of passenger optirnisation on total 
cost is shown in Figure. 5.18. As the number of passengers from Tehran to Khark is 
small, the optirnisation of total flow cost, for example, the total flow cost for Tehran 
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increases from 79,806 (lOE' Rials) at a passenger factor of 0.25 to 80,796 (lOE' 
Rials) at a passenger factor of 3. For Khark, it increases from 156,206 (lOE' Rials) at 
a passenger factor of 0.25 to 157,196 (lOE' Rials) at a passenger factor of 3. The rank 
order in the table is unchanged and it has not had any effects on the principal or 
secondary hubs. 
5.2.2.7 Passenger Optimisation of Cities in South of Iran 
The effect of passenger optimisation based on 9 southern cities - Isfahan, Shiraz, 
Zahedan, Bandarlengeh, Busher, Kish, Abadan and Khark (2, 3, 5, 7, 8, 10, 12, 19 and 
20 respectively) - on trip generation is shown on Figure. 5.19. The effect is almost a 
uniform increase. Tehran has the least trip generation, with 2,304,000 passenger trips 
at a passenger factor of 3., and Sary and Rasht (nodes 17 and 18) have the most trip 
generation, with 7,998,000 passenger trips at a passenger factor of 3. Isfahan, Shiraz, 
Bandar Abbas and Urmieh (2, 3, 7 and 13) have the least number of trips generated 
and Chabahar, Kish, Sary, Rasht and Khark (6, 12, 17, 18 and 20) have the most. The 
effects of passenger optimisation on total cost are shown in Figure. 5.20. Like trip 
generation, the effect of this optimisation on total flow cost is almost uniformly 
distributed. Thus the order of the 'best' and 'worst' principal hub city does not change 
greatly. Throughout the optimisation procedure the 'best' hub city in terms of cost is 
Tehran (node 1) and the 'worst' is Khark (node 20) - all other secondary hubs remain 
unchanged. This completes the presentation and analysis of the results for the first 
case study, based on annual data for 1992. 
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5.3 Case Study Two: Peak Month Traffic 1990 
In this second case study all 20 cities in the domestic network are considered and the 
data used are of traffic flows through the network during September 1990 - which is 
the peak month of the operational year. Like the first case study, the data are input 
into the Homa Hub model and the results are calculated and presented in (Table 5.20). 
The network is then optimised in terms of both total cost and passenger flows. Table 
5.21 shows the 0-0 data - the flow matrix (in 1000 passenger trips) of the 20-node 
network for the month of September 1990. Each element represents the travel demand 
between each 0-0 pair. A total of 400,000 passengers were carried during this period. 
Table 5.22 shows the matrix of transport costs in which each element represents the 
transport cost (in 1000 Rials) between the corresponding 0-0 pair. The element 999 
means that no direct link exist between a city pair and so an indirect path must be 
taken. 
5.3.1 Results of Case Study Two 
Table 5.20 shows the results of the calculations for the optimal Homa Hub network. 
Five initial observations can be made based on these results, as follows: 
a) If Tehran (city 1) were to become a principal hub, it would handle total traffic of 
482,000 passengers with no secondary hubs. Figure 5.21 shows the complete 
resulting network. The minimised total flow cost of the objective function would 
be 8,334 (IOE6 Rials). Passengers would need to make one stop between their 
origin and destination, since the network diameter is 2. Total trip generation 
would be 82,000. Figure 5.22 illustrates the total flow costs. 
b) If Isfahan (city 2) were to become a principal hub, it would handle total traffic of 
360,000 passengers and there would be 4 mini-hubs at Tehran, Shiraz, 
Bandarabbas and Busher (nodes 1, 3, 7 and 10) with flow volumes of 161,000 
59,000 30,000 and 11,000 passengers respectively. The total flow cost would be 
103,250 (IOE" Rials). Figure.5.23 shows the complete network with Isfahan as a 
principal hub. The total trips generated would be 342,000 and the diameter of the 
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TI>.BLE 20: SUl-1MARY OF THE Hm1."HUM PREOICTIOi'~S 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
CITY TOTAL NO. TRIPS TOTJ>.L DII\METER 
"1000" "1000" "lE6 " 
'. FLOW GENERATED COST 
------------------------------------------------------.---------------
1- Tehran (THR) 400 82 8334 2 
2- Is!ahan (IFN) 400 342 10246 4 
9- Kerrnanshahan· (KSH) 400 192 10310 3 
13-Urmieh (OMH) 400 184 10358 3 
3- Shiraz (SYZ) 400 318 11578 4 
16-Yazd' ( AZO) 400 420 11692 5 
7c Bandarabbas (BND) 400 314 11748 4 
5~ Zahdan (ZAH) 400 338 11810 4 
.ll-Ahwaz (AWZ) 400 410 12208 4 
10-Busher (BUZ) 400 350 12580' 4 
8- Bandarlengeh (BOH) 400 526 12742 4 
17 -Sary (SRY) 400 .576 127 64 4 
18-Rasht . (RAS) 400 570 12788 4 
12-Kish (KIH) 400 536 . 12812 4 
15-Kerrnan (KER) 400 H2 13026 4 
14-Tabriz (TBZ) . 400 320 13468 3 
4- Mashad (MHO) 400 292 13490 4 
6- Chabahar (ZBR) 400 594 14954 5 
19-Abadan (ABD) .400 610 16072 4 
20-Khark (KHK) 400 634 16788 5 
-------------------------------------------------------------------~--
.Main-Hub (City) Mini-Hubs Flow (Cities) 
Flow a b c d e 
---------------.-------------------~-------------------~--------~-----
1- 482( 1 ) o ( '0) o ( 0) o ( 0) o ( 0) . : o ( 0) 
2- 360( 2 ) 161( 1 ) 59( 3 ) 30( 7 ) 11(10) o ( 0) 
9- 241( 1) 1 i 0 (9) o ( 0) o ( 0) 0(0 ) o ( 0) 
13 - 239 ( 1) 105(13) o ( 0) o ( 0) o ( 0) o ( 0) 
3- 345( 3 ) 159( 1 ) 36( 2) 30( 7 ) 20(16) 11 (1.Q) 
16- 384 (16) 161( 1) , 58( 2 ) 34( 7 ) 18 (' 5) 11(10) 
7- 330 ( 7 ) 163 ( 1). . 36 ( 2) 11 (10) o ( 0) o ( 0) 
5- 334 ( 5 ) 163 ( 1) 35 ( 2 ) .36 ( 7 ) 11(10) o ( 0) 
11- 347 (11') 16.3 ( 1) .74 ( 7 ) 
-
42 ( 2 ) 11(10) 0\ 0) 
10- 341 (10) 163 ( 1 ) . 42 ( 2 ) 30( 7 ) o ( 0) o ( 0) 
8- 32'0 ( 8) 180( 7) . 155( 1 ) 10s( 3 ) '11(10) o ( 0) 
17- 358(17) 224 ( 2) 183( 1 ) o ( 0) o ( 0) o ( 0) 
18- 355 (18) 224( 2) 183 ( 1 ) O( 0) o ( 0) o ( 0) 
12- 325(12) 180( 7 ) 165'< 1 ) 105( 3) 11 (10) o ( 0) 
15- 378 (15) 163( 1) 110(16) 36 ( 7) 30 ( 2) . 18( 5) 
14- 295 (14) 207 ( 1 ) O( 0) O( 0) o ( 0) o ( 0) 
4- 33S( 4 ) 16li 1) 34 ( 7 ) 30( 2) 18( 5 ) 11 '( 10) 
6- 301 ( 6) 192 ( 7 ) 165( 1 ) 140 ( 5) 11(10) o ( 0) 
19- 360(19) 270 ( 2) 161( 1 ) 30( 7 I 15 (10) o ( 0) 
20.- 337 (10) 276(20) 165 I. 1 ) 46 ( 7 ) 36( 2) . o ( 0) 
----------------------------------------------------------------------
Table 5.20 Results of case study-2; monthly 1990 
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Table 5.21 Passenger now of each city pair (1000); monthly 1990 
TlIIl ISF SYZ MilD ZAII 7.11 H. LINO 111111 KSII 1I11Z I\\VZ Kill OMII TDZ KEIl AW SHY' IRS ADD KIIK 
TlII~ 
" 17.3 3(,.1 39.9 1104 0.1 IG.5 0.1 0.1 8.8 0.1' 0.7 0.1 22.9 7.7 1.7 0.1 2 0.1 0.1 
ISr- 17.) 0 4.7 5.2 0.2 n.3 2. 11 0.6 1.0 0.6 O· 0 0.6 0.3 1.9 0.3 0.2 0.4 O. 
.~YZ .M.I 4.7 0 3.6 0.4 0 3.5 3.4 0 1.2 t 1.8 I O.G o .' 0.1 0 0 0 0 I 
MilD .'1),') 5.2 3.0 11 2.01 2 I 0 0.8 1.1 O.~ I) 0 I 1.7 lA 0.6 I 0. 0 
ZAII 11.4 11.2 0.'1 2.4 0 2.7 11.2 0 n 0.3 0 0.2 0 11.3 0.3 1.2 0 n 0 0 
7.111{ n.1 0,) 0 10.2 2.7 0 U n.2 11 n.2 o . IU 0 0 0.2 0 0 0 0 0.2 . 
/1Nl) 1 •. 5 2 l5 I 0.2 1.3 0 3.3 0 OJ 0.4 _.0.6 0 IJ 0./\ O.M Il . U.3 0.3 (1.2 
IIPII U.I 0 3.4 IJ Il U.2 3.3 0 Il 0.2 OJ 0.2 Il 0 n 11 Il 0 0.2 0.3 
K:>'II n.1 0.0 0 0.8 0 0 0 0 1.1 0 n.) '0 O.X 1I.1i o· 0 0.3 0 0.2 0.1 
1I1.1i'. :Ut 1.6 1.2 1.1 IU 0.2 IU 0.2 Il 0 0.3 n.o 0 (I (1.2 (I Il n.3 0.3 0.1 
I\\VZ 0.1 0.0 I O,S 0 (I IIA 0.) n.5 0.3· 11 0.2 . 0 0 0 0 U 0 0.8 0.3 
Kill 0.7 0 I.X . 0 0.2 0.3 OJ, 1.1.2 0 O.G 0.2 I) 0 0 0.3 0 0 0 0.5 0.2 
I)~lll n.l 0 I 0 0 0 (I 0 0.8 0 0 0 0 0 o . 0 0 0 0 0 
TUZ. n.') 0.(' O.r. I 11.3 0 () 0 0.0 11 0 0 0 0 0.3 0.2 1l.4 0.1 O.S U 
Kl:1l 7.7 0.3 () 1.7 11.3 0.2 11.0 0 0 0.2 . 0 0.3 U 0.3 0 11.8 0 0 0 0 
"lJ) 1.7 I. !} 11./ 1..t . 1.2 0 O.X 0 0 0 0 11 Il 0.2 0.8 0 0 0 1l.5 Il 
,'\It\' 11.1 0.3 0 0.6 0 1.1 11 11 11.3 () 11 n 0 IIA 11 0 0 11.8 0 0 
I itS 2 1l.2 0 I 0 0 0.3 0 0 0.3 0 0 0 0.1 0 0 0.8 0 0 0 
,\lIO 
.0.1 IJA (J 0 0 0 n.3 11.2 0.2 0.3 0.8 0.5 0 0.5 0 0.5 0 0 0 0.8 
KIIK 0.1 0 11 11 0 0.2. 0.2 IU 0.1 0.1 0.3 0.2 0 0 0 0 0 O· 0.8 0 
Source: Iran Air 1990 
, . 
Table 5.22 Cost of each city pnir/ pnssenger (1000 ilinl); monthly 1990 . 
Tint ISF SY7. MIll) ZAII ZUIl HNI) tltJII KSII UL!Z A\VL Kill OMII TU1. KEIl A 1.0 SIlY IRS AnD KJlK 
TIIIl 999 9 13 15 15 19 16 16 III 15 13 16 , I I JJ 13 12 9 9 14 20 
ISp 9 
')99 10 17 JJ 311 14 999 30 12 I I' 999 999 15 12 8 10 10 I I 999 
Syz I) 10 9')9 18 14 'J~N 10 X !J~)~ 10 10 8 20 20 I I 999 999 999 999 999 
Mill) 1.1 17 IX !J91} 11 30 ' 17 I)I)C) 211 I') 20 ')119 1)1)9 21l 14 14 15 16 999 999 
~AJI 15 13 14 11 9!J9 I I 10 9'N, 11Y9 20 91)9 311 91)9 30 X In ~99 999 999 999 
ZIIIt ,. 31l !J99 31l I I ~)~P) I), 21l t)91J 21) 999 30 999 999 20 999 999 999 999 )0 
I1NO I. 14 10 17 10 I) 999 Ii 999 ID 10 0 999 999 I() 12 ' 999 30 20 20 
111>11 I. I)~)~) .~ 999 91)9 2U (, ')99 ~)91) 10 10 JO 999 I)I)!} 9'J9 991) 1)1)1) 999 2D 2D 
I{SII III 31l 91}I) 2D ')99 !)~)9 !J~N 9!J9 ~)t}C) 1)99 30 999 30 30 999 999 20 999 20 30 
III,I%. 1.1 12 10 I 'J 20 20 III III 1)1)1) !)~J~) 10 III !)~)9 ')!J9 21l 9')9 ')')9 )0 11 I) 
1\ 1Vl. 13 11 10 21l 9W 'J99 JO III 30 10 999 15 999 999 999 1)99 999 999 )0 3U 
Kill 10 ')I)!) . X 99!) 30 )0 (j III 9!N JO 15 ~J!}!) . 999 !J9!J 20 999 91)1) 999 30 30 
0.\111 11 999 20 999 999 999 999 ')99 30 999 999 999 999 999 999 999 999 999 999 999 
T1I7. 11 15 20 211 311 ')1)9 I)I)'J 1)1)') 311 9')IJ 'J99 IJIJ9 1)99 ')99 20 20, III 9 211 999 
KEll IJ 12 91J9 14 X 21} 10 ~'J'J 9~~ 20 999 20 999 20 999 8 999 999 999 999 
A"/J) 12 X 1 I 14 10 ~)9~) II ~')9 9W 'J99 'N9 IJI)9 999 20 8 999 91J9 999 20 999 
:-iltY: 9 Ill' 999 15 ~Y'J 999 1)1)9 ~99 21} 999 9Y9 999 9')9 10 999 999 YI)9 9 999 999 
IItS 9 10 I)!l!l 16 999 1)99 )0 9!)9 'J99 30 1)99 YI)9 999 I) 999 999 I) 999 999 999 
1\ liD 
.. 14 I I ' ~)I)I) 999 'J'J9 'J99 20 20 20 I I,' 30 30 999 2t> 999 20 1)99 999 999 I I 
KIIK 20 ~~~ 999 999 99!J 30 20 20 )0 I) )0 3D 999 999 999 999 999 999 I 1 999 
" 
Source: Iran Air 1990 
Fig. 5.24 Picture of the Iran-network with Shiraz-city as a principal hub 
Fig. 5.25 Picture of the Iran-network with Mashad-city as a principal hub 
Fig. 5.26 Picture of the Iran-network with Khark-city as a principal hub 
8,334 (l0E" Rials) and the 'worst' principal hub ci ty in tenns of cost would be Khark 
wi th 16,788 (1OE6 Rials). The other cities as hubs in terms of total flow cost li e 
between these two extremes. Anyone of the nodes could in theory become a pri ncipal 
hub but they each would have a cost penalty allocated to them. For example, Isfahan 
(c ity 2) with a total cost flow of 10,246 (10E6 Rials) is a 'second best' principal hub 
city and Abadan with a total flow cost of 16,072 (1OE' Rial s) is a 'second worst' 
principal hub c ity in terms of total cost. Reference back to Table 5.20 and Figure. 5.22 
shows the total flow cost of each node if they were to become a principal hub. 
Figure. 5.27 shows the percentages of the total passenger flow going through each 
principal and secondary hub - for example, if Isfahan (city 2) were to become a 
principal hub, just under 60% of the total passenger flow would pass through it and 
the remaining 40% would pass through four other secondary hubs. On the o ther hand, 
if Abadan (city 19) were to become a principal hub, just fewer than 40% of the total 
passenger fl ow traffic would pass through it as the principal hub and the other 60% 
would pass through four other secondary hubs. 
5.3.2 Case stud y two: Cost and Passenger Optimisations 
In thi s second case study six separate optimisations are considered - 3 cost-based and 
3 passenger-based optimisations. The results are presented in 12 figures and 16 tables 
for the month of September 1990 data. 
5.3.2.1 Cost Optimisation of All Cities 
The effects of cost optimisation for all 20 cities on trip generation are shown in Figure 
5.28 and Tables 5.23 to 5.30 (Appendix 1). With cost factors of less than 1, the trip 
generation for city 1 (Tehran) does not change, but for all other nodes it decreases 
with the cost factors; at its lowest point with a cost factor of 0.25 all the c ities, apart 
from Bandarlengeh and Kish (nodes 8 and 12), have 82,000 passenger trips . The 
shapes of the networks for all these nodes are the same, with only one principal hub 
and no mini hubs. The principal hub node would be Tehran and Bandarabbas, 
bandarlengeh and Kish (nodes 7, 8 and 12) wo uld be mini hubs. As the cost fac to rs 
increase so does tri p 
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generation and the shape of the network changes completely at cost factors higher 
than l. Here Isfahan (city 2) becomes the most attractive node for a principal hub 
with 3 mini hubs at Shiraz, Bandarabbas and Busher (nodes 3, 7 and 10) with traffic 
flows of 59,000, 30,000 and 10,000 respectively. Tehran would have the lowest trip 
generation throughout the cost optimisation factors. Most affected nodes in terms of 
trip generation would be Bandarlengeh and Kish (nodes 8 and 12) with a maximum of 
876,000 and 886,000 trips respectively. The effects of this optimisation on total flow 
cost are shown in Figure. 5.29. At cost factors lower than 1 the most cost-effective 
node would be Tehran but at cost factors higher than 1, Isfahan (city 2) would be the 
most cost-effective city to be a principal hub. At a cost factor of 3, Isfahan with 
16,340 (lOE'Rials) would be the most cost-effective hub and Kerman (node 9) with 
26,964 (lOE' Rials) would be the least cost-effective hub. As the total flow costs of all 
cities are optimised, Isfahan (node 2) becomes a more attractive principal hub for the 
network because it is more centrally located. 
Cost Optimisation of Nine Major Cities 
The effects of cost optimisation for 9 major cities of Tehran, .Ahwaz, Urmieh, 
Kerman, Sary, Rasht, Abadan and Khark (1, 11, 13, 15, 17, 18, 19 and 20) on trip 
generation are shown in Figure. 5.30. This is a cost optimisation of eight cities with 
low density traffic flows and this case study optimises the costs of these cities with 
city 1 (Tehran) and with each other. As cost factors decrease or increase, the number 
of trips generated by Tehran (city 1) increases; at a cost factor of 0.25 it has a 
maximum trip generation of 290,000 passenger trips. At a cost factor of 1 it has 
82,000 and at a cost factor of 3 the number of trips generated increases to 154,000. 
The number of trips generated for all cities, which have been optimised changes 
rapidly. The most affected is Urmieh (node 13), its trip generation having increased 
from 166,000 at a cost factor of 0.5 to 636,000; the least affected would be Isfahan 
(city 2), from 320,000 trips at a cost factor of 0.25 to 338,000 at a cost factor of 3. 
Before the optimisation procedure was applied, Tehran (city 1) had no mini hub but at 
cost factors less than 1, the network changes; Tehran is no longer the one hub city -
there are now 3 secondary hubs at Kish, Kerman and Ahvaz (nodes 12, 15 and 11). At 
cost factors more than 1 the network changes yet again and Tehran has 3 different 
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secondary hubs, at Isfahan, Shiraz and Busher (nodes, 2, 3 and 10). This shows that if 
the cities with low traffic density are optimised in terms of cost, passengers would be 
forced into making more stops and more secondary hubs would be created as a result -
hence the diameter of the network at all levels of cost optimisation increases. 
Figure. 5.31 shows the effect of cost optimisation for the nine cities on total cost. All 
cities for which their costs have been optirnised have their total cost increased 
differently. For example, Tehran (city 1) has its total flow cost increased from 6,022 
(10E' Rials) to 9,360 (1OE' Rials), but Urrnieh (city 13) has its total flow cost 
increased over 300% from 6,022 (lOE' Rials) to a very high 25,024 (1OE' Rials). The 
other cities outside the cost optirnisation experience very small changes in their total 
flow cost. 
5.3.2.3 Cost Optirnisation of Nine Cities in Sonth of Iran 
The effects of cost optimisation for the nine southern cities Isfahan, Shiraz, Zahedan, 
Bandarabbas, Bandarlengeh, Kish, Abadan, and Khark (2, 3, 5, 7, 8, 10, 12, 19 and 
20) are shown in Figure. 5.32. At a cost factor of 0.25 trip generation is at its highest-
that is, for Tehran 234,000 trips are generated and for Khark (city 20) 1,400,000 trips 
are generated; at a cost factor of 3, trips generated are at their lowest - for Tehran 
82,000 trips are generated and for Khark 82,000 trips are generated. As the cost factor 
decreases the number of trips generated increases. The shape of the network changes 
with different cost factors. At a cost factor of 0.25 Tehran (city 1) has 3 secondary 
hubs at Isfahan, Shiraz and Abadan (nodes 2, 3 and 19) but at a cost factor of 0.5 there 
is only one secondary hub at Busher (node 10). At higher cost factors only one hub is 
present - the principal hub. The most affected node is Khrk (city 20) and the least 
effected node is Ahwaz (city 11). The effects of cost optimisation of cities located in 
the south of Iran on total flow cost are shown on Figure. 5.33. Tehran (city 1) keeps 
its position at the top of the cost table as the most cost-effective principal hub. All the 
cities, which have been optimised, have their total flow costs changed markedly. The 
most affected city is Zahedan node 5 and the least affected is Urmieh (node 13). 
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5.3.2.4 Passenger Optimisation of All Cities 
The effects of passenger optimisation for all 20 cities on trip generation are shown in 
Figure. 5.34 and Tables 5.31 to 5.38 (Appendix 1). When all nodes in the network are 
optimised in terms of passengers, there is no effect on trip generation for Tehran (node 
1) and only a small effect on Kerman and Urmieh (nodes 9 and 13) compared to other 
node's trip generation. The most affected is Khark (node 20), increasing from 216,000 
trips at a passenger factor of 0.25 to a high of 1,766,000 trips at a passenger factor of 
3. The shape of the network changes only very slightly - at all passenger factors. 
Tehran (city 1) is the only node, which has no secondary nodes. Cities with high 
originating traffic flows have a fewer trip generation capacity than Iow-density nodes. 
The effects of passenger optimisation for all 20 cities on total cost are shown in 
Figure. 5.35. At a passenger factor of 0.25, Isfahan (city 2) is the most cost-effective 
node with 4,982 (lOE' Rials), followed very closely by Tehran (city 1) with 5,026 
(lOE'Rials). At high passenger factors, Tehran is the most cost effective node - for 
example, at a passenger factor of 3, Tehran (with total flow cost of 17,146 (lOE' 
Rials» would be the most efficient network and Khark (with total flow cost of 41,872 
(lOE' Rials» would be the least efficient network. Tehran, Isfahan, Shiraz, Kerman 
and Urmieh (1, 2, 3, 9 and 13) are less affected by passenger optimisation on their 
total flow costs 
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5.3.2.5 Passenger Optimisation of Minor Cities 
The effects of passenger optimisation for Tehran on trip generation with the 10 minor 
cities in the network - Ahwaz, Kish, Urmieh, Tabriz, Kerman, Yazd, Sary, Rasht, 
Abadan and Khark (nodes 11 to 20 inclusive) - are shown in Figure. 5.36. The effects 
of passenger optimisation on these nodes increase fairly uniformly with passenger 
factors - only Tehran has a very small change in trip generation. At passenger factors 
less than 1 there is no change and 82,000 trips; at passenger factors of more than 1 
there is a slight increase, peaking at a passenger factor of 3 with 106,000 trips. 
However for Isfahan (city 2) at a passenger factor of 0.25, trip generation is 290,000 
and decreases uniformly to 52,000 at a passenger factor of 3. The shape of the 
network does not change significantly and Tehran remains at the top of the table with 
no mini hubs irrespective of changes in the optimisation factors, but flows through 
secondary hubs change with different passenger factors. 
The effects of this optimisation on total flow cost are shown in Figure. 5.37. The total 
cost of Tehran increases gradually from 7,452 (IOE' Rials) at a passenger factor of 
0.25 to 10,674 (IOE' Rials) at a passenger factor of 3, and the total flow cost for Khark 
(city 20) increases from 15,330 (IOE' Rials) to 21,620 (IOE' Rials) at a passenger 
factor of 3. The effect of passenger optimisation on total flow cost is uniformly 
upwards. Tehran would be the most cost effective principal hub city and Khark the 
least cost effective. 
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5.3.2.6 Passenger Optimisation of Four Largest Cities 
The effects of passenger optimisation for the four largest cities of Tehran, Isfahan, 
Shiraz and Mashad (cities 1,2,3 and 4) are shown in Figure. 5.38. The effects of this 
optimisation on these cities are small and uniform but they have very different and 
marked effects on other nodes and their trip generation. Tehran has its trip generation 
increased gradually from 62,000 trips at a passenger factor of 0.25 to 136,000 trips at 
a passenger factor of 3; on the other hand, Khark (city 20) has its trip generation 
increased from 334,000 at a passenger factor of 0.25 to a staggering 34,392,000 trips 
at a passenger factor of 3. As these four cities are the main cities in terms of O-D 
flows and a very large percentage of the total flow passes through them, it is 
unsurprising that the shape of the network does not change - only the numbers of 
passengers through each mini hub changes. 
The effects of this passenger optimisation on total flow cost are shown in Figure. 5.39. 
The total flow cost for these four cities are uniform and almost a straight line 
throughout the changes in passenger factors. Tehran is the most cost-effective node 
and Khark (city 20) is the least cost-effective node throughout the optimisation factors 
for passengers. As passenger factors increase, each of these four major cities becomes 
more attractive and cost effective to become a principal hub node. The most affected 
nodes are Chabahar, Tabriz and Khark (6, 14 and 20). The total cost for Khark 
increases from 10,184 (WE' Rials) at a passenger factor of 0.25 to 34,393 (WE' Rials) 
at a passenger factor of 3 - that is over 230% greater than the total cost of Tehran. 
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5.4 Case Study Three: Major Cities Traffic 1992 
In this third and final case study only 8 cities in the domestic air transport network are 
considered. These are the cities, discussed in Chapter 2, which are significant in terms 
of traffic flow and/or for economic and/or political reasons. These cities are Tehran 
(node 1), Isfahan (node 2), Shiraz (node 3), Mashad (node 4), Zahadan (node 5), 
Chabahar (node 6), Bandar-Abbas (node 7) and Bandar Lengeh (node 8). The data are 
composed of traffic flows through these cities in the network during 1992. As with 
previous case studies, these data have been input into the Homa Hub model and the 
results are shown in Table 5.39. Secondly, the 8 node network is optimised both in 
terms of cost and passenger flow. Table 5.40 shows the O-D data - the flow matrix 
for the 8 node network for1992 in which each element represents the travel demand 
between each O-D pair. A total of 3,210,000 passengers were carried through these 
nodes in 1992 which is 65% of total passengers for the whole network; therefore the 
flow through the other 12 nodes in the network accounted for only 35% of total traffic 
flow. Table 5.41 is the matrix of transport costs in which each element represents the 
transport cost (in 1000 Rials) between the corresponding O-D pairs; The element 999 
means that no direct link exists between a city pair and so an indirect path must be 
taken. 
5.4.1 Results of Case Study Three 
Table 5.39 shows the results of the calculations for this network of just 8 nodes and 
links in the optimal Homa Hub network. Five initial observations can be made based 
on these results, as follows: 
a) If Tehran (city 1) were to become a principal hub, it would handle total traffic of 
3,812,000 passengers with no secondary hubs. Figure. 5.40 shows the complete 
picture of the network with Tehran as the principal hub. The minimised total flow 
cost of the objective function is 52,628 (lOE- Rials). Passengers would need to 
make one stop between their origin to a destination in the 8-node network. Since 
the network diameter is 2. Total trips generated would be 692,000. 
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TABLE : SUMMARY OF THE HOMAHUM PREDICTIONS 
.RESULTS OF CASE STUDY NO 3 (ONLY 8 CITIES YEARLY 1992) 
. 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS 
'.1000' '1000' 
FLOW GENERATED 
TOTAL 
'lE6' 
COST 
DIAMETER 
---------------------------------------------------------------------. 
1- Tehran (THR) 3120 692 52628 2 
2- Isfahan (IFN) 3120 2574 64896 4 
3:" Shiraz (5YZ) 3120 2130 69160 3 
5- Zahdan (ZAH) 3120 2782 77660 3 
4- Mashacl (MHO) 3120 2070' 80288 4 
7- Bandarabbas (BND) 3120 2564 80450 2 
8- Bandar1engeh (BOH) 3120 4562 88806 4 
6- Chabahar (ZBR) 3120 . 5066 106242 4 
--------------~----------------------------------~--------~--~--------
Main-Hub (Ci cy) l1ini-Hubs Flow (Cicle's) 
Flow a b .C cl e 
----------------------------------------------------------------------
1- 3812 ( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 2729 ( . 2 ) 589( 3 ) 348( 7 ) o ( 0) o ( 0) O( 0) 
3- 2577 ( 3 ) 348( 7) o ( 0) o ( f) ) o ( 0) o ( 0) 
5- 2881( 5 ) 352( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 2477( 4) 352( 7 ) 21S( 5) O( 0) o ( 0) o ( 0) 
7_ 5684 ( 7 ) o ( 0) o ( 0) O( 0) o ( 0) o ( 0) . 
8- 2800( 8) 1610 ( 7) 10l7( 3 ) o ( 0) o ( 0) o ( 0) 
6:" 2686( 6 ) 17 oa.( 7) 1171 ( 5) . o ( 0) o ( 0) o ( 0) 
------------.----~-~--------------------------------------------~------
Table 5.39 Results of case study-3; yearly 1992 for only eight major cities. 
TIlR ISF SYZ MHO ZAH ZBR BNO BOH 
TIlR o. 154 217 277 71 26 130 14 
ISF 154 0 15 37 9 0 12 0 
SYZ 217 15 0 27 0 0 '2.7 1'2. 
MHO I 277 37 27 0 7 0 6 15 
ZAH 71 9 0 7 0 9 5 5 
ZBR 26 0 0 0 9 0 7 5 
BNO ll0 1'2. 27 6 .5 7 0 5 
SOH 114 0 12 5 5 5 5 0 
Table 5.40 Passenger flow of each city pair (1000); yearly 1992 for 
only eight major cities 
I TIlR ISF SYZ MHO ZAH . ZBR BND OOH 
THR I Y99 9 I 13 15 15 19 16 16 
lSF 9 999. 10 17 13 999 14 999 
SYZ 13 10 999 18 999 999 10 8 
MHO 15 17 18 999 I I 999 17 20 
ZAH 15 13 999 I I 999 11 10 20 
ZBR I 19 . 999 999 I 999 11 999 9 20 
B~D I 16 IH 10 17 10 9 999 6 
SOH I 16 I 999 . 8 20 :W 20 6 999 
Table 5.41 Cost of each city pair! passenger (1000 Rial),; yearly 1992; for 
eight mnj or cities 
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." Fig. 5.42 Picture of the Iran-network with Shiraz-city as a principal hub 
00 
w 
Fig. 5.43 Picture of the Iran-network with Mashad-city as a principal hub 
Fig. 5.44 Picture of the Iran-network with Bandar-Abbas-city as a principal 
hub 
As with both Case Study One and Case Study Two, these five results provide 
examples which shows the effects on a core network of selecting a different city a 
principal hub. The effects of choosing one of the other cities as a principal hub node 
are as shown previously in Table 5.39. Like the other case studies, each hub wou ld 
handle a total traffic vo lume greater than its row or column sum because it must 
handle transfer flows. T he 'best' hub city in terms of cost would be Tehran (ci ty I) 
with a total cost of 52,628 (IOE' Rial s) and the 'worst' wou ld be Chabahar (city 6) 
with a total flow cost of 106,222 (lOE' Rials) - the other nodes lie between these two 
extremes. In terms of benefits to airlines and passengers, Tehran is clearly a very 
attractive choice as it has significant cost advantages when compared to other options. 
It is the only hub location which means that to travel by air from anywhere in the core 
network, passengers would only have to make one stop to get to their final destination 
airpOIt. 
Although any of the nodes could potentiall y be a principal hub, each has a cost 
penalty attached to it. Figure. 5.45 shows the total cost for each node, so for example 
if there were to be a principal hub at Shiraz there could be a 30% cost penalty over 
Tehran. The implications are significant for passengers if a node with a higher cost 
were chosen to be a principal hub - it might, for example, have higher fares and the 
maximum number of stops would be more than one. Figure. 5.46 shows the 
percentage of the flow going through each hub - note that Tehran and Bandarabbas 
(nodes I and 7) have no secondary hubs and all traffic would pass through the 
principal hub, but with Chabahar (node 6) only 50% of the total flow would be 
passing through it as the principal hub with the rest flowing through two other 
secondary hubs. 
5.4.2 Case Study Three: Cost and Passenger Optimisations 
Five separate optimisations are considered for thi s third and fi nal case study and are 
presented in 8 figures and 16 tables. All the optimisations have been calculated 
according to factors 0.25, 0.5, 0.75, I , 1.5 , 2 and 3 using the Homa Hub model. Two 
are cost - based optimisation and three are passenger - based. 
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Total Cost (10E6 Rials) 40()OO -l 
1000(l-i 
2 3 4 5 6 7 8 
Cities 
Fig. S.4S Total cost flow of nodes; city (1) is a principal hub; only 8 cities 
• Mini-hub b 
l1li Mini-hub a 
• Principal Hub 
Fig. 5.46 Percentage of the flow going through each hub, only 8 cities 
5.4.2.1 Cost Optimisation of 8 Major Cities 
The effects of cost optimisation for the eight major cities on trip generation are shown 
in Tables 5.42 to 5.49 (Appendix 1) and Figure. 5.47. At a cost factor of 0.25, Tehran 
would become a principal hub and trip generation for all nodes (except Bandarabbas 
and Bandarlengeh - nodes 7 and 8) would be 386,000 passengers with no secondary 
hubs. However, at higher cost factors the shape of the network and number of trips 
generated change: at a cost factor of 2.5, Tehran generates 974,000 passenger trips 
with two mini hubs (at Isfahan and Bandarabbas - nodes 2 and 7) and increases its trip 
generation to 1,820,000 passengers, also with two mini hubs (at Shiraz and 
Bandarabbas - nodes 3 and 7). At a cost factor of 3. Tehran and Isfahan would have 
the same trip generation with 1,820,000 passengers and the principal hub would be at 
Isfahan, but they would have different mini hubs with different flow volumes. 
Bandarabbas would have a minimum diameter of 3 and Chabahar would have a 
maximum diameter of 5. 
Figure. 5.48 shows the effects of cost optimisation on total cost. At cost factors less 
than 1.5, Tehran has the lowest total cost flow; at a cost factor of 1.5, Tehran has a 
total cost flow of 51,742 (lOE'Rials) and city 2 has a total cost flow of 52,358 (lOE' 
Rials) but at a cost factor of 2.5 Isfahan has the lowest total cost at 68,360 (lOE' Rials) 
followed by Tehran at 80,692 (lOE'Rials). The total flow cost is uniform for all nodes 
apart from Chabahar (node 6) which has a sudden increase at cost factors higher than 
1. At a cost factor of 3, Tehran and Isfahan with 77,250 (lOE' Rials) have the lowest 
total cost and Chabahar with 103,602 (lOE' Rials) has the highest total cost. 
5.4.2.2 Cost Optimisation of Tehran and Mashad 
The effects of cost optimisation for Tehran and Mashad (cities 1 and 4) on trip 
generation are shown in Figure. 5.49. At a cost factor of 0.25 trip generation for 
Tehran is 570,000 and for Mashad is 910,000. At a cost factor of 1.5, the trip 
generation for Tehran decreases to 386,000 but increases for Mashad to 1,504,000. At 
cost factors higher than 1.5 the trip generation of both cities increases to 956,000 and 
2,666,000 passengers respectively. 
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Mashad is most affected by this optimisation and Bandarabbas is not affected at all. 
The remaining cities are affected by extreme cost factors. The shape of the network 
changes at low cost factors: Tehran is the principal hub and Mashad is the only mini 
hub; but at high cost factors, Tehran has a different mini hub - Isfahan (node 2). The 
effect of this optimisation on total traffic cost is uniform. Throughout the optimisation 
process, Tehran is clearly the hub with the lowest total traffic cost. 
5.4.2.3 Passenger Optimisation of All 8 Cities 
The effects of passenger optimisation on trip generation and on total flow cost for the 
eight core cities are shown in Figure. 5.50 and 5.51 respectively. As can be seen the 
effects are uniform apart from Tehran, which is not affected at all. The shape of the 
network does not change through this optimisation: This demonstrates that the core 
network with the principal hub at Tehran could cope with increased or decreased 
traffic flows. The effect of this optimisation on total cost is uniform for all 8 nodes. 
There are no sudden changes. Full results are presented in Tables 5.50 to 5.57 
(Appendix 1). 
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5.4.2.4 Passenger Optimisation for Four Low Density Traffic Cities 
The effects of passenger optimisation between Tehran and Zahedan, Chbahar, 
Bandarabbas and Bandarlengeh (cities 5, 6, 7 and 8) on total flow cost are shown in 
Figure 5.52. This is a passenger optimisation Tehran, the city with the highest traffic 
volume, and the four cities with the lowest traffic volumes. As can be seen there are 
no sudden changes and the passenger optimisation has not had any effect on the core 
network apart from the volume of the traffic and the fact that total flow cost has 
increased uniformly with passenger factors. 
5.4.2.5 Passenger Optimisation Excluding Tehran 
The effects for passenger optimisation for the seven cities excluding Tehran on trip 
generation and total flow cost are shown Figures. 5.53 and 5.54 respectively. This is a 
passenger optimisation based on these seven nodes and keeping Tehran at the same 
level throughout the optimisation process. Tehran is the node with the highest traffic 
volume. If passengers through the other nodes are optimised, it can be seen from the 
figures that there are no sudden changes apart from uniform increases brought about 
by different passenger factors. There are no changes in the number of stops on the 
network and there are no sudden effects on total flow cost - the changes are uniform 
throughout the range of passenger optimisation factors. 
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5.5 Results and Discussion 
From the three case studies presented above it can be seen that about 4.8 million 
passengers were carried over the network and between 20 cities during 1992. Of that 
number, 3.1 million (about 65%) were carried between 8 cities in the network and the 
other 1.7 million were carried between the remaining 12 cities. This shows that a 
relatively small number of cities in the network have large traffic volumes and some 
of them have very small traffic volumes. The effects of this have been shown in some 
of the optimisations studied and presented here: for example, when Tehran (which has 
the largest traffic volume) is optirnised with Khark (city 20) which has a very low 
traffic volume), a large change in trip generation and total flow cost are noticed; on 
the other hand, when the 4 largest cities in terms of traffic volume are optimised in 
terms of passengers and costs, it can be seen that uniform increases and decreases 
occur with varying cost factors and passenger factors. The same effects occur in the 
first two case studies. In the third case study, since all nodes have fairly high traffic 
volumes (apart from Chabahar (node 6), which has the lowest traffic volume of the 8 
nodes) the effect of the optimisations are smoother and there are no sudden changes. 
The results of Case Study Two suggest that the same broad conclusion can be drawn 
as in Case Study One. As there are 20 nodes in the full network, the only difference is 
in the volume of traffic, as Case Study Two is for monthly data only and Case Study 
One is for annual data. However, for both cases the load factors are in the high 90's 
and the annual data is nearly 10 times that of the monthly data. In all three case 
studies the results for the 'best' principal hub in terms of total flow cost are clear -
Tehran (city 1) is the most cost-effective node. This is for number of reasons: first, the 
traffic volume for Tehran is by far the largest; second, it is the source of most 
originating traffic; and lastly, the location of Tehran in the network is very near to a 
central geographic location. However, the most centrally located node is Isfahan and it 
is thus ideally placed for a secondary hub. In a commercially orientated market, the 
optimised network of Case Study Three would be a very favourable network because 
an average 65% of the domestic traffic volume is carried for an average 60% of the 
total cost between just 8 nodes instead of all 20. However, it is important to remember 
that in the case of Iran, the economic issue is not the only consideration - political and 
199 
social considerations are also very important and sometimes they override 
commercial and economic factors. As discussed in Chapter 2, the importance of each 
city in Iran, the political objectives for air transport service provision in the domestic 
market and the important role air transport plays in social and political life of the 
country makes it a unique mode of mass transport. Thus a conclusion may be drawn 
from this study at this stage, that purely in economic terms the domestic Roma Rub-
based network may not be the best solution but taking all other factors into account 
means that it would be the most desirable solution. 
In the light of this conclusion, the three case studies and 18 optimisations have shown 
that there are clear cost penalties associated with each city were it to become the 
principal hub of a hub and spoke operation. The results overall are shown in Table 
5.58. For each case study, the cost penalties have been expressed as a percentage 
above the benchmark city - Tehran - and ranked on the basis of Case Study l's results. 
This shows, for example, that the next best city as principal hub - purely on cost 
criteria - would be Isfahan, which attracts a cost penalty of 23% above that for Tehran. 
The superiority of Tehran as the principal hub for the domestic network is thus 
demonstrated. 
With Teh~an as a principal hub city for the domestic air transport network, it could 
bring potential benefits both to airlines and passengers. Benefits to the airlines would 
include no mini or secondary hubs, meaning that Iran Air would be able to base most 
of its facilities at Tehran and could centralise its maintenance work station, so 
reducing direct and indirect costs. Benefits to passengers would include lower costs 
for the airlines meaning the prospects of lower fares. Other benefits for passengers 
would also mean that they could travel between all 20 nodes with a maximum of only 
one stop, thus potentially reducing journey times and improving accessibility, leading 
to better and more convenient travel. 
On the basis of the three case studies and the 18 separate optimisations which have 
been calculated the intriguing question, which remains to be answered is whether 
there is a single, desirable network solution. If there is one, it suggests that the 
desirable solution would seem to be some kind of mixture of a hub-and-spoke 
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. Case Study 1 Case Study 2 Case Study 3 
City (Cost Penalty (Cost Penalty (Cost Penalty 
%) %) %)i 
Tehran 0 0 0 
. 
. 
Isfahan 23 23 23 
Kermanshahan 24 24 --
Urmieh 24 24 --
., 
Shiraz 39 39 31 
Yazd 40 40 --
Bandarabbas 41 40 53 
Zahdan 42 41 48 
Ahwaz ·46 46 --
Busher 51 50 --
Bandarlangeh' 53 52 69 
Sary 53 53 --
Rasht 54 53 --
Kish 54 53 --
Kerman 56 56 --
Tabriz 62 61 --
Mashad 62 61 53 
Chabahar 80 79 --
. 
Abadan 93 92 --
Khark 101 100 102 
Table 5.58: Showing Cost Penalties for each city to become main hub. 
201 
network with direct flights. For example, something along the lines of a Homa Hub 
solution for the nodes with the larger traffic volumes and a network of direct flights 
with less frequent services for nodes with lower traffic volumes. Referring to Table 
2.15 and Figure 2.3, one possible example would be a Homa Hub core network for 
Tehran, Isfahan, Shiraz, Mashad, Tabriz, Kerman, Bandar Abbas and Kish with 
Tehran as a main hub and direct flights for the other 12 cities to join the hub. 
Referring to Table 5.2 showing the passenger flows for each city pair, a second 
possible example for the domestic network would be a Homa Hub network between 
Tehran and Isfahan, Shiraz, Mashad and Tabriz (since these cities account for 60% of 
the total domestic traffic flow) and regular direct flights between Tehran and Zahedan, 
Bandarabbas, Busher, Kish, Urmieh and kerman (since these are cites with a 
significant traffic flow) to connect them to the core network with necessary direct 
flights for other cities with lower traffic volumes. The third and final possible example 
would be a Homa Hub network with the main hub for the core network between 
Tehran and Isfahan, Shiraz, Mashad and Tabriz with a secondary hub at Shiraz 
serving southern cities with a significant traffic demand (Bandarabbas, Zahedan, 
Kerman, Kish and Ahwaz) and a network of direct flights with less frequent services 
for the remaining ten nodes with lower traffic volumes. A constant link capacity could 
be constructed so that if traffic volume through any link reached a certain level, that 
link could be added to the hub network. As a result, a solution based on either Homa 
Hub or direct flights or Homa Hub with direct flights could serve all nodes in the 
domestic network. 
5.6 Limitations of the Case Study Results 
The previous section speculated about a single, desirable network solution. These 
conclusions, however, have been based on the assumptions - sometimes crude, 
sometimes simplistic - implicit in the Homa Hub model. Homa Hub, like any other 
model, is an approximation of reality. For example, the conclusions drawn imply 
assumptions regarding aircraft type, aircraft size and above all aircraft utilisation. The 
use of annual data and peak month data also limits the ability to draw firm 
conclusions. In reality, aircraft operations will reflect hourly, daily, weekly, monthly 
and seasonal variations and trends. 
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Choice of aircraft type is limited for Iran Air planners as decisions on aircraft 
purchasing are taken by government. As a consequence, Iran Air planners have little 
or no say in selecting the most suitable aircraft type since procurement decisions are 
regarded as political decisions tempered by the best deal the government can negotiate 
at the time of purchase. 
In addition, Homa Hub results do not take into account such factors as minimum 
connection times or other fleet operation implications. It should be remembered that 
Homa Hub is essential\y a strategic, generalised model of network configuration; it is 
not model of aircraft operations over a network. Final\y, the interrelationship between 
Iran Air's international and domestic operations is not explicitly considered in the 
model. The international routes are restricted by bilateral treaties and there are only 
four airports with international operations - Tehran, Isfahan, Shiraz and Mashad. 
Therefore special consideration has to be given to these airports, as they are the most 
likely hub airport points with international passengers using them as interchanges to 
other cities in the domestic network. 
Given these limitations of our results, the question remains as to the robustness of the 
three solutions offered in the previous section, especial\y the third and preferred 
solution. Although it is not possible to provide unambiguous empirical evidence, an 
overlaying of this solution on the frequency and network structure shown in Table 
2.15 and Figure 2.3, suggests that this solution would be more realistic in terms of 
cost, operation and facilities at the principal and secondary hubs of Tehran and Shiraz 
respectively. 
A further question remains to be answered here. The data on which Homa Hub has 
been based dates back to 1992. Howrelevant are these data and, by implication, how 
relevant are the results on which they are based? The issues which these questions 
give rise to were discussed informally with Iran Air's Chief Planning Manager in 
1998 (Iran Air, 1998). The third solution proffered by the Homa Hub model was 
considered to be both an appropriate and realistic solution which would fit the airline's 
understanding of the changes in domestic air transport service provision since 1992. 
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The pattern of demand had not changed between 1992 and 1998; in addition Iran 
Air's domestic network operations had not changed. However, he also confirmed that 
the airline was beginning a strategic review of both its domestic operation and 
network with a view to moving toward a hub and spoke configuration complemented 
by direct flights for their thinner routes. 
5.6 Summary 
This chapter has shown, through three quite contrasting case studies, that by 
implementing the Homa Hub model for the Iranian domestic air transport network, it 
might be possible to improve network efficiency by making better use of available 
resources, with higher aircraft utilisation and an optimised network to achieve the 
desirable level of service to all 20 cities in Iran. The next and final chapter provides 
the main conclusions to the study as well as suggesting recommendations for further 
studies based on evidence presented in this and preceding chapters. 
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS FOR 
FURTHER RESEARCH. 
6.1 Introduction 
The aim of this final chapter is to provide an overall review of the study. It is 
organised in three parts. Firstly, a summary and review of major findings are 
presented and a desirable solution to the pJoblems of the domestic air transport 
network in Iran is highlighted. Secondly, the strengths and weaknesses of the study 
are identified and discussed. Finally, some recommendations for further research have 
been suggested. 
6.2 Summary and Review of Major Findings 
In reviewing the structural changes which have been made in the design and 
configuration of air transport networks in recent decades, Chapter 3 highlighted the 
dominance of the hub and spoke solution. It was shown that they represented an 
ingenious and useful technique to overcome production indivisibilities so as to allow 
frequent services in many city-point markets whose traffic density would not 
otherwise support a service. Hub and spoke systems therefore allow more efficient use 
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of aircraft and other inputs than point-to-point systems and can be the answer to 
providing the frequent services required by passengers. 
A number of important studies have been considered which have addressed aspects of 
hub-and-spoke route systems. Without exception these studies have been carried out 
for so called developed countries, and for airlines where commercial profitability is 
the main objective of their business. What has been lacking to date is a discussion of 
the characteristics and underlying economics of domestic hub-and-spoke systems for 
developing countries such as Iran, whose government sees air transport as 
contributing to other and wider strategic aims and objectives. 
As Chapter 2 emphasised, Iran is an extremely diverse and complex area and, owing 
partly to the political situation and partly to the difficult nature of the country itself, 
any investigation of the Iranian domestic air transport market shows that there is a 
very strong demand for air services. Within this hugely diverse country, Iran has five 
major cities - Tehran, Shiraz, Tabriz, Isfahan and Mashad - each of which is a strong 
focus for domestic air traffic. Air transport in Iran is therefore an important and 
growing business. Before 1989 private airlines were not permitted a license to operate 
and only three airlines existed - Iran Air, Asseman Airways and Saha Airways. In 
1989 the law was changed and any private company could set-up an airline in Iran 
providing that they satisfied the requirement of the Civil Aviation Authority. As a 
result several small airlines have been given licenses to operate on domestic routes. 
As Chapter 2 has also shown, the development of an air transport system in a country 
like Iran is a complex process of expanding spatial ties between points and the 
creation of a hierarchical system of network links. Although the airline market 
operates primarily according to the economic mechanisms of supply and demand with 
price, these decisions do not suffice to sustain such a system. Political considerations 
also constitute an essential component of the necessary set of decisions, due to the 
multi cultural nature of Iranian society. 
In Chapter 3, different models of air transport systems were examined, in particular 
single hub, multiple hub and hierarchical hub systems. A hierarchical hub model, 
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Hier-hub, based on the concept of the minimal spanning tree, was developed in 
Chapter 4, to take into account multiple level hubs. This followed the work of Chou 
(1990) in not allowing multiple paths between nodal pairs, with additional linkages 
being added based on the concept of a capacitated network. This has permitted the 
model to have multiple paths between nodes, like a multiple hub. Hier-hub was then 
developed into Homa Hub as a complete, computerised, optimising hub-and-spoke 
system for the domestic air transport network for Iran. 
Optimisation is the significant feature of the research undertaken here. The effects of 
optimisation on the network were presented and discussed in Chapter 5, through the 
medium of three sets of case studies involving the application of Homa Hub. The first 
case study analysed all 20 major Iranian cities in the domestic network for 1992. The 
effects of a principal hub on total trip generation and cost have been studied. For 
example, the total annual trips generated for Tehran, Isfahan, Shiraz and Mashad were 
calculated as 1,480,000,4,318,000,4,212,000 and 3,862,000 respectively. Tehran was 
found to be the best option as a principal hub. Optimisations were then carried out for 
the effects on total cost and passenger flows. For the majority of the cost factors, 
Tehran was found to be the least cost and most effective principal hub. 
The second case study also considered all twenty cities in the domestic air transport 
network but only for September 1990 - a peak month of the year. Total trips generated 
for Tehran, Isfahan, Shiraz and Mashad as potential principal hubs were calculated as 
820,000,342,000,318,000 and 292,000 respectively. The 'best' principal hub city in 
terms of cost was shown to be Tehran. Optimisations were then carried out to assess 
the effects on total cost and passenger flow. These showed that if the cities with low 
traffic densities are optimised in terms of total cost, passengers would be forced into 
having to make more stops and as a result more secondary hubs would be created. 
The third case study examined just eight cities in the domestic air transport network. 
These are the core cities in terms of their traffic flow, economic significance and/or 
political role; Tehran, Isfahan, Shiraz, Mashad, Zahedan, Chahbahar, Bandarabbas 
and Bandarlengeh. The number of trips generated for Tehran, Isfahan, Shiraz and 
Mashad as potential principal hubs in 1992 were 692,000, 2,574,000, 2,574,000 and 
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2,782,000 respectively. In tenns of benefits to airlines and passengers, Tehran would 
prove to be a very attractive choice as principal hub since it had clear cost benefits to 
the airlines and the number of stops was minimal. Although any of the other nodes 
could be a principal hub, each would have a cost penalty. For example, with Shiraz as 
, . 
a principal hub the cost penalty would be over 30% that for Tehran. Optimisations 
were then carried out for both total cost and passenger flows. For example, as Tehran 
proved to be the node with the highest traffic volume, if passenger flows through the 
other nodes were then optimised, it was shown that there would be no sudden changes 
apart from unifonn increases brought about by changing passenger flows. There was 
no change in the number of stops over the network. 
In all three case studies the result, for 'best' principal hub is clear: Tehran is the most 
suitable node. This is for a number of reasons: firstly, the traffic volumes for Tehran 
are by far the largest; second, most originating traffic is from Tehran; thirdly, the 
location of Tehran in the domestic air transport network is very near to the 
geographical centre ofIran; and finally, Tehran is the political centre of the country. 
This research has clearly shown that for a developing country like Iran there are other 
factors - political, geographical and social - that could be as if not more important than 
the pursuit of economic objectives. In the case of domestic air transport in Iran, the 
main shared aims of both Iran Air and the government are: to reduce the number of air 
routes while maintaining a reasonable service level to all key places on the network; 
to increase the airline's utilisation of its fleet; to increase traffic flow across the whole 
network; and to influence Iran Air's domestic pricing policy. For Iran Air to succeed 
in meeting these aims on its domestic routes, it must have a sound medium and long-
tenn plan, a realistic pricing policy, infonned management personnel and the ability to 
make the best use of available resources, Network optimisation of the kind developed 
as a result of this research could help the airline deliver on each of these strategic 
objectives. The main conclusion of the study is therefore that from both a planning 
and modelling point of view, a desirable solution would be a mixture of a hub and 
spoke network with direct flights. As a result, Homa Hub or direct flights or a 
combination of both would serve the needs of domestic air transport in Iran. 
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6.3 Strengths and Weaknesses of the Study 
One of the strengths of the research reported in this study is the significance which has 
to be attached to identifying the uniqueness of the problems and needs of creating a 
domestic air transport network in a developing country like Iran. Another strength of 
the research is the way in which numerical solutions can be generated: the Homa Hub 
model is very flexible and can potentially provide policy-makers with an operational 
strategic tool to help plan the network according to the changing objectives of both 
airlines and government. 
These strengths have been recognised within Iran, since the preliminary results were 
presented to a seminar at the University of Isfahan. They were generally accepted as a 
very realistic analysis of the situation and offered a potentially effective system for 
tackling the problems of domestic air transport in Iran. As a result, strategic network 
planners in Iran Air at the present time are actively considering using the Homa Hub 
model to assist them in evaluating operations on their domestic routes in Iran. 
Many points and aspects have been identified within the research process which could 
have been done differently and perhaps done better. Consequently, there are 
weaknesses. The major weakness has to be the quality of the domestic air transport 
data used in this research, which were for the period 1990-92. However, air transport 
experts in Iran have indicated that this should not affect the main findings to any 
significant degree since the updated data is very similar and few operations have 
changed since the early 1990's. However, an important weakness, which is not readily 
assessable, is the lack of accurate data on other modes of transport within Iran. 
Consequently, it has not been possible to analyse the effects of other modes on air 
transport, the real demand for air transport and the elasticity of demand for air 
transport network services. Homa Hub in its present form does not take into account 
the elasticity of demand for travel between city pairs. The model treats the number of 
trips generated as simply a function of legs between passengers' origins and 
destinations. 
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It is important to remember that aircraft types and the assignment of aircraft to routes 
are not treated explicitly within the Roma Hub model. The scheduling of aircraft type 
to routes is clearly important when planning airline operations, and as a consequence 
this is an important weakness of the research outlined here. The results for Roma Hub 
must therefore be treated with caution and as indicative only; at this stage they do not 
offer predictions or solutions which an airline like Iran Air could implement 
uncritically. 
A further weakness of the research is that the views and needs of passengers, and their 
willingness to use and pay for different modes of transport have not been identified or 
expressed. These could have been achieved by conducting a medium size sample 
survey of air transport passengers in Iran. Such a survey is clearly vital to network 
planners in helping them to achieve the right policies for the domestic air transport 
network, since the incorporation of such results would help supply high quality 
customer focussed information. 
6.4 Recommendations for Further Research 
On the basis of the research reported here, it is apparent that there is a clear need for 
further research to be conducted into the applicability of hub-and-spoke networks for 
developing countries. However, if this is to take place, it is recommended that 
sufficient quality data and information have to be gathered about the aims and 
objectives of the key airline(s). In particular, six topics related to the research reported 
here merit serious attention. These are as follows: 
a) To follow-up the optimisation procedure with a view to identifying any particular 
pattern in the demand for domestic air transport services: 
This study has not addressed the elasticity of demand for domestic air transport in 
Iran, so it would be very valuable to find out the elasticity of demand and any pattern 
that may exist between the 20 cities. For example, the cities with the larger share of 
economic prosperity may be less sensitive to price rises than the cities which are 
primarily holiday destinations. Therefore a comprehensive study of the type of 
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services required by passengers on all sectors of domestic air transport, together with 
their willingness to pay for those services, would be very valuable for both 
policymakers and network planners. 
b) To improve the functionality of Homa Hub by exploring the integration of 
scheduling aircraft type and route into the hierarchical hub model: 
As noted in the previous section, Homa Hub as presently formulated does not treat 
scheduling issues explicitly. This recommendation could propose exploring the 
'goodness~of-fit' between Iran Air's domestic fleet and a network configuration based 
on hub-and-spoke supplemented by direct flights of the type proposed in this research. 
c) To apply this optimisation model and Homa Hub network to other developing 
countries' experiences: 
As most of the network planning criteria are similar for most developing countries, 
especially Middle Eastern countries, the Homa Hub approach with some changes 
could be adapted to plan such domestic air transport networks for many developing 
countries. For example, Saudi Arabia, which has the same area with a less scattered 
population than Iran, could benefit from using a hub - and - spoke network to plan 
their domestic air transport services. 
d) A survey of passenger preferences in Iran for domestic air transport service: 
A comprehensive 'stated preference' survey of passenger preference could be 
invaluable for airlines to be able to provide services that customers need. As yet there 
has not been such a survey of passenger needs for any mode of transport in Iran. Such 
a survey could be of domestic air transport passengers or of passengers using all 
modes of transport. Vital information such as willingness to pay, levels of service, 
frequency of services and quality of services both provided and needed could be 
obtained. The results of this survey and information obtained from it could be used to 
plan a more successful and profitable domestic air transport network. 
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e) The demand for and supply of domestic air transport services in Iran: 
There has been no study of the demand for and supply of domestic air services in Iran 
by airlines operating in Iran or any research establishments. Iran Air and other airlines 
operating in Iran have some knowledge of demand and supply according to their ticket 
sales data and the waiting lists that they have. These data are not sufficient to derive 
an accurate estimate for demand and supply of domestic air transport. The demand on 
some sectors is more than others, as this study has shown, and there are different peak 
times on different routes. A further numerical model could be developed to derive a 
more accurate estimate of demand on various routes at different times of the year. The 
results of such a study would be valuable in channelling resources into routes, which 
would give the maximum benefit to both airlines and passengers. 
f) Up-grade the Roma Rub model and develop a PC Windows-based application: 
The optimisation model was designed to run on a minicomputer using Uniras graphics 
software. By adapting it to the Windows operating environment, it would give 
network planners immediate and fast access to the program without a need to use such 
old computers. As a result, the effects of fare changes on passenger flows and other 
data affecting the network could be accessed from any PC with this software. It would 
also be possible to up-grade the program to cover other parameters, such as demand 
and supply. Therefore a complete software package together with graphics for Roma 
Rub could be developed with little additional effort on resources. (It is this aspect 
which currently interests planners in Iran Air.). 
The general problem which has been addressed in this study is that of developing an 
optimised network when demand is very high and spread over a large geographical 
area. If the six topics noted above were acted upon, it is clear that a much improved 
version of the Roma Rub model would result - which would be capable of providing a 
better basis for not only understanding the domestic air transport network of a country 
like Iran but also for improving its operations. 
212 
Although the limitations of the research reported here have been discussed, it is 
perhaps also worth reiterating its qualities and overall significance. Firstly, and for 
the first time, a practical numerical model based on the hub-and-spoke network has 
been developed for and applied to the domestic air transport system in Iran. Secondly, 
the effects of different cost factors and passenger flows, together with their 
optimisation, have been identified which could begin to make a potentially valuable 
contribution to both short- and long-term network planning of the domestic air 
transport network's principal carrier, Iran Air. Finally, even with this crude first 
attempt at implementing the Homa Hub model, it has been shown that a better and 
more efficient domestic air transport service could be developed where the principal 
airline, Iran Air, could generate more traffic on all domestic routes and make real cost 
savings on its existing domestic network. 
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APPENDIX 1 
HOMA HUB OUTPUT DATA 
cost cp:imi:ation between city 1 and o:her cities 
cost [actor= .25 
T.'.BLE ; SUMMARY OF THE HOMAHUM ?F.EDICTIONS 
RESULTS OF CASE STUDY 1'10.1 {Yearly 19.921 
~ 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS 
·1000· ·1000· 
FLOW GENE? .. ;TED 
TOTAL 
-lE6· 
CeST 
DIAMETER 
----------------------------------------------------------------------
1- Tehran {THRI 4602 14 0 4 17646 2 
2- Isfahan { IFi'll 4602 1404 17646 2 
3- Shiraz {SYZI 4602 1404 17646 2 
4- Mashad (MHDI ~602 1404 17646 2 
S- Zahdan {Z~.HI 4602 1404 17646 2 
6- .Chabahar {ZBRI 4602 1404 17646 2 
9- Kermanshahan {KSHI 4602 1404 1'7646 2 
10-3usher {3UZI 4602 1404 17646 2 
ll-.'.hwa= (.Z,wZ I 4602 1404 17646 2 
13-Urmieh {OMHI 4602 1404 17646 2 
14-Tabriz (TB:?) 4692 1404 17646 2 
lS-Ke=an (KER) 4502 1404 17646 2 
15-Yazd (.>'ZOI 4602 1404 17546 2 
17-Sary (SRY) 4602 1404 175~6 2 
lS-Rasht (RJ..S) 4602 "'04 . 17 646 2 
19-.·.badan (.L.BD) 4502 :404 17;46 2 
20-Khark (KHK) 4502 1404 17546 2 
7- Bancarabbas (BHD) 4502 ~ "; 2 2- lSi14 3 
12-Kish (KIHI 4602 1870 ·2(IS~2 3 
6- Bandarlengeh (SDH) 4602 :890 20602 3 
------------------------------------------------------------.---------
Main-Hub (City) Mini-Hubs Fl~w (Cities) 
Flow a b c d e 
-----------------------------------------------._---------------------
1- 6006{ 1 ) o { 01 o { 01 o { (I ) o ( 0) o ( 0) 
2- .6006 { 11 o { (1 I o { 01 o { 01 o { 01 o ( 0) 
3- 6006{ 11 o { '0 I o { 01 o ( 0) o ( 0) o ( 0) 
4- 6006{ 1) o ( 0) o ( 0) o { 01 o ( 0) o ( 0) 
S- 6006{ 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
6- 6006{ 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
9- 6006{ 1 ) o ( 0) O( 0) o ( 0) o ( 0) o ( 0) 
10- 6006{ 11 o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
11- 6006{ 11 o ( 0) o { 01 O{ 01 o ( 0) o ( 0) 
13- 6006{ 11 o ( 01 o { 01 o ( 0) a ( 0) o ( 01 
14- 6006{ 1) o { 01 o ( 0) o ( 0) o ( 0) ·0 ( 0) 
lS- 6006{ 11 o ( 0) o ( 0) o { 01 o ( 0) o ( 0) 
16- 6006{ 11 o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
17- 60a6{ 1) o { 01 o ( 0) (I ( 0) (I ( 0) (I ( .0 ) 
18- 6006{ 1 ) . 0 ( 0) o { 01 o ( 0) o ( 0) o ( 0) 
19- 5006{ 11 o { 01 o ( rJ) o ( 0) ·0 ( 0) o ( 0) 
:;0- 6006{ 11 o { 01 o ( 0) o ( Cl ) o ( 0) o ( 0) 
7- 2963 ( 1) 511{ 7 ) (I ( 0) o { 01 o ( 0) o ( 0) 
!2- .2983 { l} 604{l~1 o { 01 o { O} o { O~ o ( 0) 
8- ~ 993 ( 11 S77.{ . a) rJ{ (I I o { ill o ( 0) o ( 0) 
------------~---------.------------------------------- ----------------
Table 5.4 Cost optimisation results of case study-l; cost factor=O.25 
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cost optimi:ation betwe~n city 1 and other cities 
cost factor= .5 
TABLE SUMMARY OF THE HO~~HUM PREDICTIONS 
RESULTS Of CASE STUOY NO.l (Yearly 1992) 
-----------------------------------------------------------------------------
CITY TOTAL 
'1000' 
FLOW 
NO. TRIPS 
'1000' 
GENERATED 
TOT;.L 
'lE6 ' 
COST 
DIAMETER 
----------------------------------------------------------------------
1- Tehran (THR) 4602 1404 37834 2 
9- Kermanshahan (KSH) 4602 1404 37834 2 
17-Sary (SRY) 4602 1404 37834 2 
14-Tabri: (TBZ) ~602 1570 40390 3 
4- Mashad (MHO) 4602 1644 40586 3 
13-Urmieh (OMH) 4602 1844 40994 3 
18-Rasht (MS) 4602 1852 41546 3 
2- Isfahan (IFN) 4602 2392 46082 3· 
6- Chabahar (ZBR) 4602 2690 50190 4. 
20-Khark (KHK) 4502 2~44 50824 3 
ll-Ahwaz (AWZ) , 602 2738 51014 3 
12-Kish (KIH) {CO2 2950 51622 4 
15-Kerman (KER) 4602 28~8 51984 3 
8- Bancarlenge:, (SOH) 4;;02 3166 54866 4 
10-Busher (BUZ) 4602 2946 55644 3 
5- Zahdan (Z.>,H) 4602 3072 55650 3 
19-~.badan (ABO) 4602 2876 5B14 3 
3- Shiraz (SYZ) 4602 3086 58432 3 
15-Yazd (.1;20 ) 4502 3340 59068 3 
7- Bandarabbas (BND) 4502 3126 59474 3 
----------------------------------------------------------------------
Main-Hub (City) Mini-Hubs Flow (Cities) 
Flow a b c d e 
-------------------------------------------.---------------------------
1- S006( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
s- 6006( 1) o ( 0) (I ( 0) o ( 0) o ( 0) . 0 ( 0) , 
17- 6006( 1) o ( (I ) o ( 0) o ( fJ) o ( 0) o ( 0) 
:4- 2957 (. 1 ) 552(14) o ( 0) o ( 0) O( 0) o ( 0) 
4- 2989( 1) 66S( 4 ) o ( 0) o ( 0) o ( 0) o ( 0) 
13- 2963 ( 1) 554(13) o ( 0) o ( 0) o ( 0) o ( 0) 
18- 2987 ( 1) 549(181 o ( 0) o ( 0) o ( 0) o ( 0) 
2- 2903 ( 1) 1388 ( 21 o ( 0) o ( 0) o ( 0) o ( 0) 
6- 2901( .1) 1102 ( 6 ) 611 ( 7 ) o ( 0) o ( 0) o ( 0) 
:!o- :<943 ( 1) 953(20) o ( (I) o ( 0) o ( 0) o ( 0) 
11- 2821 ( 1 ) 1687(11) o ( 0) o ( 01 o ( 0) o ( 0) 
12- 2797 ( 1 ) 1740(12) 383( 7 ) o ( 01 o ( 0) o ( 0) 
15- 2849 ( 1 ) 1758(15) o ( (I) o ( 0) o ( 0) o ( 0) 
8- 2697 ( 1) .019( 8) 3S3( 7) o ( 0) o ( 0) o ( 0) 
10- 2671 ( 1 ) 2014(10) (I ( 0) o ( 0) o ( 0) o ( 0) 
5- 2B27( 1 ) 1978( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
19- 2B7l ( 1 ) 1709(19) o ( 0) o ( 0) o ( 0) o ( 0) 
3- 2711 ( 3 ) .349 ( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) 
~6- :;749 ( 1 ) 23(14(16) (I ( 0) o ( 0) o L 01 o ( 0) 
7- 2499 ( 1) 2'47 S ( 7 ) (I ( 0) (I ( 0) o ( 0) o ( 0) 
----------------------------------------------------------------------
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cost opti~ization betwe~n city 1 and oth~r cities 
. cost factor- .75 
CITY 
SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS· OF CASE STUDY NO.l(Yearly 1992) 
TOTAL NO. TRIPS 
"1000" "1000" 
FLOW GENERATED 
TOTAL. 
"lE6" 
COST 
DIAMETER 
-------------------------------------- -'- - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
1- Tehran (THR) 4602 14 04 57662 2 
14-Tabriz (TBZ) 4602 1670 60112 3 
13-Unnieh (OMH) 4602 1844 60702 3 
17-Sary" (SRY) H02 :; OS 4 54712 3 
9- Kermanshahan (KSH) 4602 2114 67132 3 
18-Rasht (RAS) 4502 3042 74612 3 
2- Isfahan (IFNi 4602 3732 81622 3 
12-Kish (KIH) 4602 4.68 84414 4 
3- Shira: (SYZ) H02 3642 S 63 62 4 
16-Ya~d (A2:0) 4502 400 87384 . 4 
11- .'.hwa z" (AWZ) 4502 3856 86988 4 
lS-Kerman (KER) 4602 H50 90176 4 
7- Bandarabbas (BND) 4602 3874 95874 4 
lS-.;badan (".30) 4602 . 43 ~ 6 96380 4 
8- Bandarlengeh (1'.DH) 4502 ~a~ 4 96626 4 
5- Zahdan { Z.t.Hl 4602 S038 100C34 4 
10-!lusher (BUZ) 4602 4 (14 0 100954 4 
20-Khark (KHK) 4602 4562 105748 4 
4- Mashad (l1HD) 4502 :;548 110532 4 
6- Chabaha::: (ZBR) 4502 6470 II 54 88 4 
----------------------------------------------------------------------
Main-Hub (City) 
Flow a 
l1ini-Hubs Flow (Cities) 
bed e 
----------------------------------------------------------------------
1- 6006( 1) o ( (I ) o ( 0) o ( 0) o ( (I) o ( 0) 
14 - 29S7( 1 ) 552(14) (I ( (I) o ( 0) o ( 0) o ( 0) 
13- 2983 ( 1 ) 554 (13 ) o ( 0) o ( 0) o ( 0) o ( 0) 
17- 2963 ( 1) 752 (17 ) o ( 0) o ( 0) o ( 0) o ( 0) 
9- 2983 ( 1) S05( 9 ) o ( 0) o ( 0) o ( 0) o ( 0) 
. IS- 2849 ( 1) 1877 (lS) o ( 0) 
- 0 ( 0) o ( 0) o ( 0) 
2- 343 4 ( 2 ) 2197 ( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) 
12- 2570(12) 23.21 ( 1 ) 1(191 ( 7 ) 631 ( 3 ) o ( 0) o ( 0) 
3- 3575( 3 ) 1859 ( 1 ) 412 (IS) 383 ( 7) o ( 0) o ( 0) 
15- 3260(16) 2323( 1 ) 6ll ( 7 ) 4S1( .3) 260 ( S) o ( 0) 
11- 3075(ll) 2345( 1 ) ,; 51 ( :; ) 3S3 ( 7 ) o ( 0) o ( 0) 
. 15- . - 3410(15) .. 2239( 1 ) ell( 7 ) 4Sl( 3 ) 260 ( S) o ( 0) 
7- 361.7 ( 7) 1919( 1 ) 565( 3 ) (I ( (I) o ( 0) o ( 0) 
19- 2845(19) 241S( 1 ) 1141 ( 3 ) o ( 0) o ( 0) o ( 0) 
8- 3259( 8) ·2151( 1 ) 1091 ( 7 ) 631( 3) o ( 0) o ( 0) 
5- 3426( 5) 2307 ( 1 ) eso (15) 61l( 7 ) o ( 0) o ( 0) 
~O- 3566(10) 2007 ( 1 ) 4S1( 3 ) 383( 7 ) o ( 0) o ( 0) 
20- 2489( 1 ) 2365(20) 1;:; 5 ( 3 ) [) ( 0) o ( 0) o ( 0) 
~- 34(11( 4 ) .031( 1 ) .60 ( 5) o ( (I ) o ( 0; o ( 0) 
6- 2992( 6 ) 2349( 1) 1771 ( 7 ) 1416 ( S) o ( 0) o ( 0) 
--------~--------------------------------------------- ------------
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cost o?timi:ation between city 1 and other cities 
cost factor= 1.0 
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TABLE SUHHARY OF THE HOHAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO.1 (Yearly 1992) 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lE6" 
FLOW GENERATED COST 
--------------------------------------~-------------------------------
1- Tehran (THR) 4602 1404 80076 2 
13-Unnieh (OHH) 4602 2640 94800 4 
2- Isfahan (IFN) 4602 4464 100280 4 
16-Yazd {.Zo,ZD) 4602 5 - - -.:.) Q 10e:l86 4 
3- Shira= (SYZJ 4602 4:i30 109528 4 
.9- Ketmanshahan (KSH) .: 602 4112 110406 4 
7- Bandarabbas· (BND) 4602 USO 114646 4 
ll-Ahwa: (.>.WZ) 4602· 4736 115770 4 
lS-Kerman IKE,,) 4502 4686 laosa 4 
10-Bushe:- (BUZ) 4602 4436 120026 4 
17-Sary (SRY) 4502 6470 120286 4 
14-Tabriz (TBZ) 4602 3652 120S04 4 
5- Zahdan I Z."H) 4 602 5610 120714 S 
8- Bandarlengeh ISDH) 4602 S560 12.0768 4 
18-Rasht IRAS) 4602 6436 121870 4 
12-Kish IKIH) 4602 . 5200 123556 4 
4- Mashad 111HD) 4602 4038 136410 4 
19-Abadan I.L.BD) 4602 5'740 13 64 62 S 
6- Chabahar IZBR) , 602 7052 10842 5 
20-Khark IKHK) 4602 6574 156476 5 
----------------------------------------------------------------------
Hain-Hub (City) l-1ini-Hubs Flow ICities) 
Flow a b c C e 
---------------------------------------------------------------------- . 
1- 60(161 1) . o ( (I) o I 0) (I ( 0) o ( 0) o ( 0) 
~3 - ~S27 ( 1) 1252(13) 394(14) O( 0) o ( 0) o ( 0) 
<- 4134 ( 2) 16&9( 1) 785 ( 3 ) 383( 7 ) o ( 0) o ( 0) 
16- 3738(16) 17 53 ( 1 ) 1198 ( 2 ) 6ll( 7 ) 451( 3 ) .260( 5) 
3- 40(19 ( 3 ) 1639 I 1 ) 474( :;. ) 412 (15) 383 ( 7 ) o ( 0) 
9- 2653 ( 1 ) 23:;'9( 9 ) 1179 ( 3 ) 01 0) o ( 0) o ( 0) 
7- 37S5( 7 ) 1iS3( 1 ) 5951 3 ) 474 I 2 ) (I ( 0) o ( 0) 
11- 3675(11) 1e231 1) 6821 2) 631 I 3 ) . 623 ( 7 ) o ( 0) 
15- 4044 (lS) 18411 1 ) 611 I 7 ) 451( 3 ) 260 ( 5 ) o ( 0) 
10- 3764 (la) 1823 ( 1 ) 682( 2 ) (51( 3) 383 ( 7 ) o ( 0) 
17- 2940(17) 2512( 2) :;'47S( 1 ) 549(18) o ( 0) o ( 0) 
·14- 2894 (14) 2S73( 1) 109 (18) o ( 0) o ( 0) o ( 0) 
5- 3664 ( 5) 1S23( 1 ) 936(15) 903 ( ·7 ) 654 ( 2 ) 451( 3 ) 
8- 3627{ S) lE59 ( 1 ) 1 ~S 1 ( 3 ) ':'091 ( 7 ) 01 0) . o I 0) 
18- 3679(18) :<372 I 2 ) 2201 I 1 ) 408(14) (I ( 0) O( 0) 
12- '3536(12) 18.59 ( 7 ) 1eS91 1 ) 1291 ( 3 ) o ( 0) o ( 0) 
4- 3961( 4 ) 1669 ( 1 ) 469( 7) 451 I 3 ) 260 I 5) o ( 0) 
19- 3979 (19) 1729 ( 1 ) 1499( 3 ) 782( 2) 383 ( 7 ) o ( 0) 
6- 3198! 6 ) 23S71 i) lS19( 1 ) 14161 51 565 ( 3 J o ( 0) 
<0- 3253(20) 31071 3 ) leS9( 1 ) ':2115) 383 ( 7 ) o ( 0) 
--------------------~--------------------------------- ----------------
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cost optimi:ation between city 1 and other cities 
cost factor= 1.5 
*+Y9.9'Y"'9'*+'+"+'+"+"++"+""""++·"'·+"'++·*.+++++.++.+.+ 
T."BLE ': SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO.1 (Yearly 1992) 
----------------------------------------------------------------------
CITY TOT~.L NO. TRIPS TOTAL DIAMETER 
'1000' '1000' 'lE6' 
FLOW GENERATED COST 
----------------------------------------------------------------------
2- Isfahan (!FN) 
1- Tehran (THR) 
3- Shiraz ISYZ) 
18-Ra.ht (RAS) 
16-Ya:d (.'.200) 
15-Kerman IKER) 
17-Sary (SRY) 
ll-J..hwaz (AW2o) 
7- Bandarabbas (SND) 
10-Busher (BUZ) 
9- Kermanshahan IKSH) 
5- Zahdan (Z.>'H) 
4- Mashad IMHD) 
13-Urmieh (OMH) 
I9-Abacan (F.3D) 
8- Bandarlen;eh (EClH) 
12-Kish {K!H) 
6~ Chabahar (::3R) 
2·0-Khark IKHK) 
14-Tabri: (TB2o) 
I'!ain-Hub (C':',:yl 
Flow 
4602 
4602 
4602 
4602 
4602' 
4602 
4602 
4602 
4602 
4602 
4602 
4602 
. 4602 
4602 
4602 
4602 
460;: 
4602 
4602 
4602 
4544 114652 4 
H04 117910 2 
4486 132352 4 
6914 135594 5 
5072 138374 ·4 
5146 144480 4 
8302 147208 5 
5752 150186 4 
5046 156156 4 
5452 158916 4 
5750 150326 5 
;-- -~..::e· 160830 5 
4282 152448 4 
;704 16~~~5 5 
60~; 164500 5 
6754 164650 5 
739~ 16743 a 5 
8704 198508 5 
7680 208884 5 
6~,,2 215360 4 
Mini-Hubs Flow ICicies) 
b c d e 
----------------------------------------------------.-----------------
~- 4:'74{ 21 :: 5 { 3 ) ; 83 ( 7) o ( (I I (I ( 0) o ( 01 
1- 6006( . , J., o ( 01 (I I 01 o ( (11 o ( 0) o ( 0) 
3- 413 7 ( 31 6421 21 H2(151 323 ( 7) 01 0) o ( 01 
~8- 3i77(181 :;a 14 I 2) 785( 31 408(141 383 ( 7 ) o ( 0) 
16- 4156(161 1770 ( 21 611 ( 7) 451 ( 3 ) 260 ( 51 o ( 0) 
;'5- 4274 (is) 642( 21 611( 71 5811 3 ) 260( S) o ( 0) 
17- 3640(17) 30B2( 21 1689 I 11 1357(181 785( 3 ) 383( 7) 
c1- 4183 (111 1284 ( 2) 701 ( 3 ) 623 ( 7) o ( 0) o ( 0) 
7- 4203(71· 1076 ( 21 59S( 3) o ( 0) o ( 0) o ( 01 
:0- 4272(10) 1284 ( 21 581( 31 383 ( 7) o ( 0) o ( 0)' 
9- 367S( 9 : ::603 ( 3) 1669 ( 11 50 (18) 333( 71 372 (16) 
5- 4172 ( SI 12461 2) 936(151 903 I 7 ) 451 ( 31 254 (16) 
4- 4083 ( 4 ) 469 ( 71 451 ( 3) 408(14) 260 ( S) 109(18) 
13- 3568(13) 2938( 21 1689( 1 ) 1202(14) 785 ( 3 ) 383 ( 7 ) 
19- .4157 (191 16291 3 ) 96(1( 21 383( 7 ) o ( 0) o ( 01 
8- 4083 ( 81 19471 31 1091 ( 71 642 ( 2) 01 0) o ( 0) 
l~- 3~92(!~) 19:! 7 ( 3 ) :'3S~ ( ., I 6( 2 ( :) 01 0) o ( 0) 
6- 3634 i 6 ) 3017 I 71' 1416 ( 51 1076 ( 2) 6951 31 o ( 01 
~CI- 37191 3 ) 3655(201 64 ;: ( ;: I 4121151 383 ( 71 o ( 0) 
. , 
';01':;' (l~~ iCiClB! ::) 1:;· ~ ( 3 ) 5~(I{ 7 ) 149(18) S3 (20) 
-' -
------------------------------------------------------ ---------------~ 
Table S.S Cost optimisation results of case study-I; cost factor=l.S 
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cost optimi=ation between city 1 and other cities 
cost factor= 2.0 
TAELE : SUlo1M.L.RY OF THE HOHAHUM PREDICTIONS 
RESULTS OF O.SE STUDY NO.l(Year1y 1992) 
CITY TOTAL 110. TRIPS TOTAL DIAMETER 
"1000" "1000" "lEG" 
FLOW GENERATED COST 
----------------------------------------------------------------------
2- Isfahan (IFN) 4602 4544 130642 4 
18-Rasht (Rl-.S) 4602 6914 151584 5 
3~ Shira: (SYZ) 4602 4.486 154738 4 
16-Yazd (AZD) 4602 6072 157562 4 
1- Tehran (THR) 4602 1450 158274 3 
17-Sary (SRY) 4602 8342 164188 5 
15-Kerman (KER) 4602 5146 166866 4 
20-Khark (KHK) 4602 S~42 169274 5 
l1-Ahwaz (.>.WZ) 4602 5752 172572 4 
9- Kermanshahan (KSH) 4602 7122 179800 6 
14-Tabriz (TEZ) 4602 5944 180788 5 
7- Bandarabbas (END) 4602 5046 181750 4 
13 -Urmi"h (OMH) 4602 7874 1843.44 6 
10-Eusher (EUZ) 4602 5452 184500 4 
5- Zahdan (Z;'.H) .:1602 56~6 186414 5 
lS-."badan (.l.3D) 4602 6096 186886 5 
4- Mashad (HHD) 46(12 4282 188032 4 
8- E.anda:-len<;:h (3DH) 4502 6754 190234 5 
12-Kish IKIH) 46.02 7394 1930:<2 5 
6- Chabahar (:3R) 4602 5704 230488 5 
-----------------------------.----------------------------------------
I·lain-Hub (City) ~1ini-H1.Jbs Flow (Ci ties) 
Flew' a b c cl e 
----------------------------------------------------------------------
2- 4174 ( 2) 91S( 3 ) 383 ( 7 ) o ( 0) (I ( 0) o ( 0) 
18- 3777(18) 2814 ( 2 ) '785 ( 3 ) 408 (14) 383 ( 7 ) o ( 0) 
3- 4137( 3 ) 642( 2) 412 (15) 383 ( 7 ) o ( 0) o ( 0) 
16- 4156(16) 1770 ( 2 ) 611 ( 7 ) 451( 3 ) 260 ( 5) o ( 0) 
1- 2973 ( 1) 451( 3 ) o ( 0) o ( 0) o ( 0) o ( 0) 
17- 3660(17) 3082( 2) 1467 (lB) 785'( 3 ) 383 ( 7) o ( 0) 
15- 4274 (15) 642( 2) 611 ( 7) 581 ( 3 ) 260 ( 5 ) o ( 0) 
20- 4099 ( 3) 847(20) 642 ( 2) 412(15) 383 ( 7 ) o ( 0) 
ll- 41S3 (11) 1284 ( 2 ) 761( 3) 623 ( 7 ) o ( 0) o ( 0) 
9- 3787 ( 9 ) 2603 ( 3) 711 (18) 408(14) 383 ( 7 ) 372 (16) 
H- . 3982(14) 1798 ( 2) 785( 3) 383 ( 7) 249 (18) o ( 0) 
7- 4203 ( 7 ) 1076( 2) 695 ( 3) o ( 0) o ( 0) o ( (I) 
13- 3588(13) 2938( 2 ) 1302(14) 785( 3 ) 383 ( 7 ) 225 (18) 
10- 4272 (10) 1284( 2 ) 581( 3) 383 ( 7 ) 0"( 0) o ( 0) 
5- 4172( 5 ) 1:,46 ( 2 ) 936(15) 903 ( 7 ) 451 ( 3 ) 254 (16) 
19 - 4157 (19) 1629( J) 9601 2) 383 ( 7 ) o ( 0) o ( 0) 
4- 4 (183 ( 4 ) 469 ( 7 ) 451 ( 3 ) 408(14) 260 ( 5 ) 109(18) 
8- 4083( 8) l~47 ( 3) 11191 1 7) 642 ( ~ ) o ( o i o ( 0) 
12- 3992(12) .. 1947 ( 3) 1859 ( 7) 642 ( 21 o ( 0) o ( 0) 
6- 3634( 6) 3017( 7) 1416 ( 5) 1076( 2 ) 695( 3 ) o ( 0) 
----_._---------------------------------------------------------------
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cost optimization between city 1 and other cities 
cost factor= 2.5 
TABLE. : SUlo!MARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO.IIYearly 1992) 
CITY TOTAL NO. TRIPS TOTAL 
"lE6" 
COST 
DIAMETER 
"1000" "1000" 
FLOW GENERATED 
----------------------------------------------------------------------
2- Isfahan (IFN) 4602 4544 143434 4 
18-Rasht (RAS) 4602 6914 164376 5 
7- Bandarabbas IBND) 4602 6516 17 03 50 4 
10-Busher IBUZ) 4602 6662 173436 4 
3- Shiraz ISYZ) 4602 4486 173926 4 
16-Yazd lAW) 4602 . 6072 176750 4 
17-Sary ISRY) 4602 8342 176980 5 
5- Zahdan (ZAH) 4602 7996. 178640 5 
1- Tehran (THR) 4602 2670 184136 5 
15-Kerman (KER) 4602 5146 186054 4 
19-Abadan (ABO) 4602 7810 186552 5 
20-Khark (KHK) 4602 5242 188462 5 
6- Chabahar (ZBR) 4602 9096 190198 5 
ll-Ahwaz (;'.WZ) 4602 5752 191760 4 
9- Kermanshahan IKSH)- 4602 7122 195790 6 
14-Tabriz (TBZ) 4602 5944 196778 5 
13 -Urmieh (OMH) 4602 7874 200334 6 
4- Mashad Ct1HD) 4602 4282 210418 '4 
8- Bandarlengeh IBDH) 4602 6754 215818 5 
12-Kish IKIH) 4.602 7394 218606 .5 
----------------------------------------------------------------------
Main-Hub ICity) Mini-Hubs Flow ICities) 
Flow a b c d e 
----------------------------------------------------------------------
2- 4174 ( 2) 9151 ·3 ) 383( 7) o ( 0) 01 0) O( 0) 
18- 3777 (18) 2814( 2 ) 785( 3 ) 408(14) 383 ( 7) o ( 0) 
7- 3410( 2) 3339( 7) 695( 3) o ( 0) o ( 0) o ( 0) 
10- 3488( 2) 3278(10) 581( 3 ) 383 I 7) o ( 0) o ( 0) 
3- 41371 3) 642 ( 2) 412(15) 383 ( 7) o ( 0) o ( 0) 
16- 4156(16) 1770( 2 ) 611( 7) 451( 3) 260 ( 5) o ( 0) 
17- 3660 (17) 3082 ( 2) 1467 (18) 785( 3) 383 I 7) o ( 0) 
5- 3530( 2) 3258( 5) 936(15) 903 I 7) 4sl( 3) 254(16) 
1- 2821( 1) 1542 ( 2 ) 4S1( 3 ) 383 ( 7) o ( 0) o ( 0) 
15- 4274(15) 642 ( 2) 611( 7 ) 58l( 3) 260 I 5) o ( 0) 
19-. 3416 (. 2) 3415.119 ) 1629( 3) 383( 7) o ( 0). o ( 0) 
20- 4099( 3) 847(20i 642( 2) 412(15) 383 ( 7) o ( 0) 
6- 3410( 2) 3213 ( 7 ) 1496( 6) ·1416( 5) 69S( 3) o ( 0) 
11- 4183(11) 12841 2 ) 761( 3) 623 I 7) o ( 0) o ( 0) 
9- 3787 I 9) 2603 I 3 ) 711(18) 408(14) 383 ( 7 ) 372(16) 
14- 3982 (14) 1798 ( 2) 78s( 3 ) 3831 7 ) 249(18) o ( 0) 
13- 3588(13) 2938( 2 ) 1302(14) 7851 3) 383( 7) 225(18) 
4- 4083 I 4 ) 469 I 7) 451( 3) 408(14) 2601 5i .109(18) 
8- 4083 ( 8) 1947( 3 ) 1091( 7) 642 ( 2) o ( 0) o ( 0) 
12- 3992 (12) 1947( 3 ) 1859( 7 ) 642 ( 2) 01 0) o ( 0) 
----------------------------------------------------------------------
Table 5.10 Cost optimisation results of case study-I; cost factor=2.S 227 
cost optimization between city 1 ana other cities 
cost factor= 3.0 
*~~*y~y.~ •••••• ~ •• ~ •• " ••••• ,.+"".","""' •• ""'+ .+ ••• +++ ••• +++ 
TABl..E ': SUI-lMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO.1 (Yearly 1992) 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lE6" 
FLOW CENERATED COST 
----------------------------------------------------------------------
2- I.sfahan ( IFN) 4602 4544 159424 4 
16-Yazd (AZo) 4602 6866 173508 4 
3- Shiraz (S¥Z) . 4602 6648 179556 4 
18-Rasht (RAS) 4602 6914 180366 5 
1- Tehran (THR) 4602 4426 183838 5 
7- E.andarabbas (BNo) 4602 6516 186340 4 
ll-Ahwaz (AW:) 4602 6962 189080 4 
10-E.usher (BUZ) 4602 5662 189426 4 . 
17-Sary (SRY) 4602 8342 192970 5 
20-Khark (KHK) 4602 7404 194092 5 
5- Zahdan (ZAH) 4602 7996 194630 5 
8- Bandar1engeh (SOH) 4602 9262 198632 5 
12-Kish (KIH) 4602 9902 201420 5 
IS-Abacan (]..BD) 4602 7810 202542 5 
6- Chabahar (ZER) 4602 90:"6 206188 5 
15-Kerman (KER) 4602 514 6 <08440 4 
9- Kermanshahan" (KSH) 4602 7122 211780 6 
14-Tabri= (TEZ) 4602 5H4 2.15966 5 
13-Urmieh (OHH) 4502 7674 219522 6 
4- Mashad (l-'JiD) 4602 7356 227622· 4 
------------------------------------------------------.---------------
Main-Hub (City) Hini-Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
~- 4174 ( 2) 915 ( 3 ) 383 ( 7 ) o ( 0) o ( 0) o ( 0) 
16- 3766( 2) 2954 (16) El1( 7 ) 451( 3 ! 260( 5) o ( 0) 
3- 3619( 3 ) 3322 ( 2) 412(15) 383( 7) O( 0) o ( 0) 
18- 3777(18) 2814 ( 2 ) 785( 3) 408(14) 383 ( 7) o ( 0) 
1- 2698 ( 2) 2271 ( 1) 901(18) 785( 3 ) 383 ( 7) o ( 0) 
7.- 3410( 2) 3339( 7 ) 695( 3 ) o ( 0) o ( 0) o ( 0) 
11- 3488( 2 ) 3189(11) 761( 3 ) 623( 7) o ( 0) o ( 0) 
10- 3488( 2) 3278(10) 581( 3 ) 383 ( 7 ) o ( 0) o ( 0) 
17- 3660(17) 30.82 ( 2) 1467(18) 785( 3 ) 383 ( 7 ) o ( 0) 
20- 35S1( 3) 3322 ( 2) 847(20) 412 (15) 383 ( 7) 0(.0) 
5- 3530 ( <) 32S8( 5) 936(15) 903( 7) 451( 3 ) 254(16) 
8- 3322( 2) 3201 ( 3 ) 2657 ( 8) 1091( i) o ( 0) o ( 0) 
12- 3322( 2) 3201( 3 ) 2566(12) .1859 ( 7 ) (I ( 0) o ( 0) 
19- 3416 ( 2) 3415(19) 1629 ( 3 ) 383 ( 7) o ( 0) o ( 0) 
6- 3410( 2) 3213 ( 7 ) 1496 ( 6) 1416 ( 5) 695( 3 ) o ( 0) 
lS- 4274(15) 642 ( 2 ) 6ll( 7 ) 581( 3 ) 260( 5) o ( 0) 
s- 3787( 9) 2603 ( 3 ) 711 (18) 408(14) . 383 ( 7 ) 372 (16) 
"!4- 3982(14) 1798( 2) 785 ( 3 ) 383 ( 7 ) 249(18\ o ( 0) 
13- 3588(13) 2938( :0 ) 1302(14) 785( 3 ) 383 ( 7 ) 225(18) 
4- 4021( 4 ) 324S(18) 469 ( 7 ) 451 ( 3 ) 408(14) 260( S) 
----------------------------------------~------------- ----------------
Table 5.11. Cost optimisation results of case study-I; cost factor=3.0 228 
passenger optimization between city 1 and other cities 
passenger factor= .25 
TABLE : SUMMARY Of THE HOI-lAHUM PREDICTIONS 
'RESULTS Of CASE STUDY NO 2 (MONTHLY 1990) 
CITY TOTAL, NO. TRIPS TOTAL 
"lE6" 
COST 
DIAl1ETER 
"1000" "1000" 
fLOW GENERATED 
----------------------------------------------------------------------
2- Isfahan ( IfI') 154 122 4982 '4 
1- Tehran (THR) 154 82 5026 2 
3- Shiraz (SYZ) 154 110 S362 4 
'16-Yazd (!>.2O) 154 160 5456 5 
7- Bandarabbas (END) 154 122 5476 4 
5- Zahdan (ZAH) 154 140 57<S 4' 
8- Bandarlengeh (BDH) 154 200 5874 4 
11-Ahwa: (AWZ) 154 H-
--< 5918 4 
12 -Kish (KIH) 154 ao 5~50 4 
10-Busher (BUZ) 154 144 6032 4 
13-Urmieh (OI1H) 154 130 6074 3 
9- Kermanshahan (KSH) 154 132 6098 3 
15-Kerman (KER) 154 208 6234 4 
4- J1~shad (MHO) 154 106 6498 4 
17-Sary (SRY) 154 232 6528 4 
IS-Rasht (RAS) 154 230 6552 4 
6- Chabahar (ZBR) 154 220 6630 5 
19-;'.badan (.'.30) 154 214 7334 4 
20-Khark (KHK) 154 ~16 7372 5 
14-Tabri: (T3Z) 154 162 7492 3 
----------------------------------------------------------------------
Main-Hub (City) Mini-Hubs flow (Cities) 
flow a b c: d e' 
----------------------------------------------------------------------
2- 127 ( 2) , 38( 1) , 32( 3 ) 18(- 7) 5 (10) o ( 0) 
1- 236( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
.o- 126 ( 3 ) j6( 1) 19 ( 2 ) 1S( 7 ) 7 (16) 5 (10) 
16- 139(16) 3a( 1 ) 29( 2 ) ~2{ 7 ) 9 ( 5) 5(10) 
7- 130 ( 7 ) 40( 1 ) 19 ( 2 ) 5(10) o ( 0) o ( 0) 
5- 131 ( 5) 40 ( 1) ,24( 7 ) 19( 2 ) 5 (10) o ( 0) 
8- 112 ( 8) 76 ( 7 ) 52 ( 3 ) 42{ 1 ) 5 (10) o ( 0) 
11- 135(11) 40 ( 1 ) 32 ( 7 ) 23( 2 ) 5 (10) o ( 0) 
12- 117 (12) 76( 7 ) 52 ( 3 ) 42( 1 ) 5 (10) o ( 0) 
10- 135(10) 40( 1 ) 23 ( 2 ) 1S( 7 ) o ( 0) o ( 0) 
13- 116 ( 11 SI (13) O( 0) o ( 0) o ( 0) o ( 0) 
9- 118 ( 1) 50( 9,) o ( 0) o ( 0) o ( 0) o ( 0) 
15- 142(15) 55(16) 40( 1) 24( 7) 17( 2) 9 ( 5) 
4- 119 ( 4 ) 38( 1 ) ~~ ( 7 ) 17 ( ;: ) 9 ( 5) 5(10) 
17- 124(17) 10l( 2 ) 60 ( 1 ) o ( 0) o ( 0) o ( 0) 
18- 123(18) 10l( 2 ) 60( 1 ) , (I ( 0) o ( 0) o ( 0) 
6- 93 ( 6) 88 ( 7 ) ,57 ( 5). 42 ( 1) 5 (10) o ( 0) 
19- 114(19) 107 ( 2 ) 3a( 1) lE( 7 ) 9 (10) o ( 0) 
:< 0,- 135(10) 68(20) 42 ( 1 ) 2L( ,7 ) 21( 21 o ( 0) 
14- 1';0(14) 84 ( 1) (I ( 0) o ( (I) o ( 0) o ( 0) 
----------------------------------.------------------------------------
Table 5.12 Passenger optimisation results of case study-I; pas. fa et 0 r=O.1il29 
passenger optimi~ation between city' 1 and o~her cities 
passenger factor= .5 
TABLE :'.: SUMMARY OF" THE HOMJ-.HUM PREDICTIONS 
RESULTS OF CASE STUDY NO 21MONTHLY 1990) 
---------------------------------------------------------------------. 
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lE6" 
FLOW GENERATED COST 
----------------------------------------------------------------------
1- Tehran ITHR) 236 82 6126 2 
2- Isfahan IIFN) 236 196 6736 4 
3- Shiraz IS"tZ) 236 180 7436 4 
9- Kermanshahan IKSH) 236 152 7498 3 
13-Urmieh (OMH) 236 148 7500 3 
16-Ya:d IP.ZD) 236 248 7534 5 . 
7- Bancarabbas IBND) 236 186 7568 4 
5- Zahdan IZAH) 236 206 7754 4 
ll-Ahwa: I.'.WZ) '236 ;'44 8016 4 
8- Bandarlengeh (BDH) 236 306 S164 4 
10-Busher ISUZ) 236 212 8216 4 
12-Kish IKIH) 236 316 8.38 4 
15-Kerman IKER) 236 302 8498 4 
17-Sary I SR"t) 236 346 8604 4 
lS-Rasht IRAS) 236 342 8628 4 
4- Mashad IMHD) 236 168 88.S 4 
6- Chabahar IZBR) 236 342 9406 5 
14-Tabri: (TBZ) 236 <14 9482 3 
19-.;bacan (".BD) 236 346 10246 4 
20-KharK (KHK) 236 352 10510 5 
----------------------------------------------------------------------
Main-Hub (City) Mini-Hubs Flow ICities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 3181 1) o I 0) o ( 0) 01 0) o ( 0) 01 0) 
2- , 205 I 2) 791 1) 41 ( 3 ) 221 7 ) 7 (10) o ( 0) 
.>- 199 I 3) 77 ( 1) 251 2 ) 22 I 7) 11(16) 7 (10) 
9- 159( 1 ) 701 9) 01 0) o ( 0) 01 0) 01 0) 
13- 1571 1 ) 69(13) 01 0) o ( 0) o I 0) o ( 0) 
16- 221(16) 79 ( 1 ) 391 2 ) 26 ( 7 ) 12 ( 5) 7 (la) 
7- 1961 7) 81( 1) 25( 2 ) 7 (10) Cl ( 0) 01 0) 
5- 19S( 5) B1 I 1) 2B( 7 ) 251 2 ) 7 (10) o ( 0) 
11- 205(11) B11 1 ) 46 I 7 ) 29( 2) 7 (10) o ( 0) 
S- 1S0( S) 110 ( 7 ) 83 ( 1) 69 ( 3 ) 7 (10) o ( 0) 
10- 203(101 81( 1) 29( 2 ) 22( 7 ) o ( 0) o ( 0) 
12- 185112 ) 110 ( 7) B3 ( 1) 69 ( 3 ) 7 (10) o ( 0) 
15- 220(15) 811 1 ) 73(16) 28( 7 ) 211 2) 12 ( 5) 
1;- 202(17) 14l( 2) 101 I 1 ) 01 0) Q( 0) o ( 0) 
1S- 200(lBI 141 ( 2) 1011 1) o I 0) o ( 0) o ( 0) 
4- 191( 41 79 ( 1 ) 26( 7 ) 21( 2) 12 ( 5) 7 (10) 
6- 161( 6,) 1221 7 ) B4 ( 5) 83 ( 1 ) 7 (10) o ( 0) 
14- 178(14) 125 I 1) (I ( 0) QI 0) 01 0) o ( 0) 
19- 196(191 161 ( :; ) 79 I 11 22( 7 ) 111101 o ( 0) 
~o- 201(10) 136(20) 83 ( 1 ) 301 7) 25 ( 2 ) o ( 0) 
----------------------------------------------------------------------
Table 5.13 Passenger optimisation results of case study-I; pas. ractor=if.~O 
passenger optimi:a~ion be~ween city 1 and other ci~ies 
passenger factor= .75 
T".BLE ': SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY 1~0 2 (MONTHLY1990) 
----------------------------------------------------------------------
CITY TOTAL 
'1000' 
FLoW 
NO. TRIPS 
'1000' 
GENERATED 
TOTAL 
'lE6 ' 
COST 
DIAMETER 
----------------------------------------------------------------------
1- Tehran (THR) 
2- Isfahan (IFN) 
9- Kermanshahan (KSH) 
13-Urmieh (OMH) 
3- Shiraz (Sn) 
16-Yazd (AZD) 
7- Bandarabi;>as (BND) 
5- Zahdan 
-
(ZAH) 
ll-".hwaz (.~WZ ) 
10-Busher (BUZ) 
8- Bandar1engeh (BDH) 
12-Kish (KIH) 
17-Sary (SRY) 
18-Rasht (R.~S) 
lS-Kerman (KER) 
.4- Mashad (MHO) 
14-Tabriz (TBZ) 
6- Chabahar (ZBR) 
19-.".badan (ABO) 
20-Khark (KHK) . 
Main-Hub (City) 
Flow a 
318 
318 
318 
318 
·318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
82 7226 
270 8494 
172 8900 
166 8925 
248 9502 
332 9610 
248 9652 
270 9780 
3<6 10104 
280 10392 
416 10448 
4~6 10520 
462 10686 
458 10710 
398 10758 
230 11156 
266 11474 
458 121 74 
478 13154 
494 13642 
Mini-Hubs Flow (Cities) 
bed 
2 
4 
3 
3 
4 
5· 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
5 
4 
5 
e 
----------------------------------------------------------------------
1- 400( 1) 01 (J) (J ( 0) o ( 0) o ( 0) o ( 0) 
2- 283 ( 2) 120( 1) 50( 3 ) 26 ( 7 ) 9 (10) o ( 0) 
9- 200( 1) "90 ( 9) o ( 0) o ( 0) o ( 0) o ( 0) 
13- 198( 1 ) 87 (13) o ( 0) o ( 0) o ( 0) o ( 0) 
3- 272( 3 ) 118 ( 1 ) 29( 2) 26( 7 ) 16 (16) 9(10) 
16- 302 (16) 120( 1) 47( 2) 301 7 ) lS( 5) 9(10) 
7- 262( 7 ) 122( 1 ) 29( 2 ) 9 Cl 0) o ( 0) o ( 0) 
5- 265( 5) 122( 1 ) 32( 7) 29( 2 ) 9 (10) o ( 0) 
11- 275(11) 122( 1) 601 7) 35 ( 2 ) 9(10) o ( 0) 
10- 271(10) 122 ( 1) 3S( 2 ) 26( 7 ) o ( 0) o ( 0) 
8- 2S0( 8) 1461 7 ) 1< 4 ( 1) a6( 3 ) 9 (10) o ( 0) 
. 12- 255(12) 146( 7) 1<4 ( 1 ) a6( 3 ) 9 (10) o ( 0) 
17- 280(17) IS3( 2) 142 ( 1 ) o ( (J) o ( 0) o ( 0) 
18- 278 (18) lS3( 2) 142 ( 1 ) o ( 0) o ( 0) o ( 0) 
15- 300(15) 122( 1) 92 (16) 32( 7 ) 25( 2) 15( 5) 
4- 263 ( 4 ) 120 ( 1) 30 ( 7 ) 25( 2 ) 15 ( 5) 9 (10) 
14- 236(14) 166( 1 ) o ( 0) o ( Cl ) 01 0) o ( 0) 
6- 231( 6) 156( 7 I 124 ( 11 113 ( SI 9 (10) o ( 01 
19- 278(19) L15( 21 120 ( 11 26( 7 ) 13 (l0) o ( 0) 
20- 269(10) 206(20) 124 ( 1 ) 38 ( 7 ) 31( 2) o ( 0) 
------------------------------------------------------.---------------
Table 5.14 Passenger optimisation results of case study-I; pas. factor=O.l.£l 
passenger optimi:ation between city 1 and other cities 
passenger factor= 1.0 
T~.ELE .: SUMMARY OF THE HOI1AHUM" PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" . "1000" "lE6" 
FLOW GENERATED COST 
----------------------------------------------------------------------
1- Tehran (THR) 400 82 8334 2 
2- Isfahan (!FN) . 400 342 10246 4 
9- Kermanshahan (KSH) 400 192 10310 3 
13-Urmieh (OMH) 400 184 10358 3 
3- Shiraz (SYZ) 400 318 11578 4 
16-Yazd (~.ZD) 400 420 11692 .5 
7~ Bandarabbas (END) 400 314 11748 4 
5- Zahdan (ZAH) 400 338 11810 4 
ll-.>'hwaz (;..WZ) 400 410 12:; 08 4 
10-Eusher (EUZ) 400 350 12580 4 
8- Bandar1engeh (EDH) 400 . S26 12742 4 
17-Sary . (SRY) 400 576 1~764 4 
18-Rasht (P.".S) 400 570 .12788 4 
12-Kish (KIH) 400 S36 12512 4 
15-Kerman (KER) 400 492 13026 4 
14-Tabriz . (TEZ) 400 320 13468 3 
4- Mashad (MHO) 400 292 13490 4 
6- Chabahar (ZBR) 400 =94 14954 5 
19 -}>.badan (r.BD). 400 610 16072 4 
20-Khark (KHK) 400 634 16788 5 
----------------------------------------------------------------------
Main-Hub (City) Hini-Hubs Flow (Cities) 
Flow a b c d e 
------------------------------------------------------.---------------
1" 482( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 360 ( :; ) ! 61 ( 1) 59( 3 ) 30( 7) 11(10) o ( 0) 
9- 241 ( 1 ) 11 (I ( 9) o ( 0) o ( 01 o ( 0) o ( 0) 
13- 239( 1) 105(13) o ( 0) o ( 0) o ( 0) o ( 0) 
3- 345( :i ) 159( 1 ) 36( 2) 30( 7 ) 20(16) 11 (10) 
16- 384 (16) 161 ( 1) 58( 2) 34 ( 7 ) 18( 5) 11(10) 
7- 330( 7) 163 ( 1) 36 ( 2) 11 (10) o ( 0) o ( 0) 
5- 334( 5) 163 t 1) 36( 2) 36( 7 ) 11(10) o ( 0) 
11- 347(11) 163 ( 1) H( 7 ) 42 ( 2 ) 11 (la) o ( 0) 
10- 341 (la) 163 ( 1) 42 ( 2) 30( 7 ) o ( 0) o ( 0) 
8- 320( 8) 180'( 7) 165( 1 ) 105( 3) 11 (10) o ( 0) 
17- 358(17) :;24( 2) 183( i) o ( (I) o ( 0) o ( 0) 
18- 355(18) :;24( 2) 183( 1 ) o ( (J) o ( 0) o ( 0) 
12- 325(12) l80( 7) !6S( 1) lOS{ 3 ) 11 (10) o ( 0) 
15- 378 (15) 163 ( 1 ) 110(16) 36( 7) 30( 2 ) 18( 5) 
14- 295(14) 207 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 335( 4 ) 161 ( 1 ) 34 ( 7 ) 30( 2 ) 18 ( S) 11(10) 
6- 301 ( 6) 192( 7) 165( 1 ) 140 ( 5) 11 (10) o ( 0) 
19- 360(19) 270( 21 : cl( 1 ) 3 (I ( 7 ) 15 (10! o ( 0) 
20- 337 (10) :;76 (20) 165( 1) 46 ( 7 I 36 ( 2 ) o ( 0) 
------- . 
. _------------------------------------------------------------
Table 5.1~ Passenger optimisation results of case study-I; pas.racto~ 
passenger. optimization between city 1 and other cities 
passenger factor= 1.5 
TABLE. SUMMARY OF THE Hml)l.HUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (l-10NTHLY 1990) 
------------------------------------------------------.---------------
CITY TOTAL NO. TRIPS 
"1000" "1000" 
FLOW CENERATED 
TOTAL 
"lE6" 
COST 
. DIAMETER 
---------------.--------------------------------------.---------------
1- Tehran (THR) 568 82 10532 2 
9- Kermanshahan (KSH) 568 232 13108 3 
13-Urmieh (OI1H) 568 2~O 13206 3 
2- Isfahan (IFN) 568 496 13758 4 
3- Shiraz (SYZ) ., 568 450 15714 4 
16-Yazd ()I.ZD) 568 600 15838 5 
5- Zahdan (ZAH) 568 474 15858 4 
7- Bandarabbas (BND) 568 444 15926 4 
11-Ahwaz C>.WZ) 568 578 16390 4 
17-Sary (SRY) 568 BI0 16922 4 
10-Busher (BUZ) 568 488 16936 4 
18-Rasht (RAS) 568 802 16946 4 
8- Bandar1engeh (BDH) 568 746 17318 4 
12-Kish (KIH) 568 754 17380 4 
14-Tabriz nBZ) 568 424 17446 3 
lS-Kerman (KER) 56B 688 17546 4 
4- Mashad (I1HD) 568 ,-~ •• 18140 4 
6- Chabahar (ZBR) 568 8S0 20504 5 
lS-Abadan (~.BD) 568 880 21894 4 
20-Khark (KHK) 568 918 23052 5 
------------------------------------------------------.---------------
l1ain-Hub (City) Mini-Hubs . Flow (Cities) 
Flow a b c d e 
------------------------------------------------------.---------------
1- 650( 1 ) (I ( (I) o ( (I) o ( 0) o ( 0) o ( 0) 
9- 32S( 1 ) 1 SO ( 9) (I ( 0) o ( 0) o ( 0) o ( 0) 
13- 323 ( 1 ) 141 (13)· o ( 0) o ( 0) o ( 0) o ( 0) 
~- 520( 2) 245( 1) 79( 3 ) 38 ( 7 ) 16(10) o ( 0) 
3- 49S( 3 ) 243 ( 11 46 ( 2) 38( 7 ) 29 (16) 16(10) 
16- SSl(16) '45( 1 ) 78( 2 ) 44( 7 ) 24( S) 16(10) 
S- 472( S) 247 ( 1 ) 46 ( 2) 46( 7 ) 16(10) o ( 0) 
7- 466 ( 7) .47 ( 1 ) 46 ( 2 ) 16(10) O{ 0) o ( 0) 
11- 491(11) 247 ( 1 ) 102 ( 7 ) S4 ( 2 ) 16(10) o ( 0) 
17 - S16(17) 308( 2) 267 ( 1) o ( 0) o ( 0) o ( 0) 
10- 480(10) 24 i( 11 S4 ( 2 ) 38( 7 ) o ( 0) o ( 0) 
·18- S12 (18) 308( 2) '67( 1 ) o ( 0) o ( 0) o ( 0) 
8- 462 ( 8) 2S0( 7) 249 ( 1 ) 139 ( 3) 16(10) o ( 0) 
12 - . 466(12) :< SO ( 7 ) 249( 1) 139 ( 3) 16 (10) o ( 0) 
14- 411(14) 291( 1 ) (I ( (I ) o ( 0) (I ( 0) o ( 0) 
lS- S40 (lS) :!O( 1 ) 147(16) 46 ( 7 ) 3B( 2) 24 ( S) 
4- 483 ( 4 ) :!4S( 1 ) 44 ( 7 ) '38 ( 2) 24 ( 5) 16(10) 
6- 443 ( 6 ) <64( 7) :< 4 9 ( 1 ) 196( oS) 16(10) o ( 0) 
19- 528{l9) 37S( ;,) 245( 1 ) 38 ( 7 ) 22(10l o ( 0) 
20- 474 (10) 418(20) 249 ( 1 ) 62 ( 7 ) 46( 2) O( 0) 
------ ._--------------------------------------------------------------
Table 5.16 Passenger optimisation results of case study-I; pas. factor=1.533 
passenger optimization between ci~y 1 and other cities 
passenger factor= 2.0 
TAELE· .: SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO (MONTHLY 1990) 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS TOTAL DI.".METER 
"1000" "1000" "lE6" 
FLOW GENERATED COST 
----------------------------------------------~------- ---------------. 
1- Tehran (THR) 732 82 12740 2 
.9- Kermanshahan (KSH) 732 272 15920 3 
13-Urmieh (OMH) 732 256 16064 3 
2- Isfahan (IFN) 732 642 17266 4 
3- Shiraz (SYZ) '732 598 19854 4 
5-'Zahdan (ZAH) 732 608 19918 4 
16-Yazd (AZoD) 732 772 19994 5 
7- Eandarabbas .(END) 732 570 20110 4 
ll-Ahwaz (AW:) 732 742 20578 4 
17-Sary (SRYl 732 1040 21064 4 
18-Rasht (R.l>.S) 732 1030 21108 4 
10-Eusher (BU:) 732 626 21310 4 
'14-Tabriz LTEZ) 732 530 21432 3 
8- Bandarl"ngeh (BDH) 732 964 21898 4 
12-Kish (KIH) 7":1"" •• 972 21956 4 
15-Kerman (KER) 7'" -. 878 22074 4 
4- Mashad (MHO) 732 546 22S06 4 
6- Chabahar (ZBR) 7' -, •• 1102 26054 5 
19-Abadan (-".BD) 7" o. IH2 27722 4 
20-Khark (KHK) 732 l~(JO 29332 5 
----------------------------------------------------------------------
Main-Hub (City) Mini-Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 814{ 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
9- 407 ( 1) 190 ( 9 ) o ( 0) o ( 0) o ( 0) o ( 0) 
13- 405( 1 ) 177(13) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 675 ( 2) 327( 1) 97 ( 3 ) 47( 7) 20(10) o ( 0) 
3- 641 ( 3) 325( 1) 57( 2) 47( 7 ) 38(16) 20(10) 
5- 609( 5) 32S( 1) 57 ( 2) S5( 7 ) 20(10) o ( 0) 
16- 714 (16) 327( 1 ) 97( 2) 53 ( 7 ) 2S( 5) 20(10) 
7- S99( 7) 329 ( 1) 57 ( 2) .0(10) o ( 0) o ( 0) 
11- 633(11) 329( 1) 129( 7) 67 ( 2 ) 20(10) o ( 0) 
17- 672 (17) 391.( 2) 349( 1) o ( 0) o ( 0) o ( 0) 
1S- 667 (18) 391( 2) 349 ( 1 ) o ( 0) o ( 0) o ( 0) 
, 10- 618(10) 329 ( 1) 67 ( 21. 47( 7 ) o ( 0) o ( 0) 
14- 528(14) 373 ( 1 ) o ( 0) O( 0) o ( 0) o ( 0) 
8- 602 ( 8) 331 ( 1) 319( 7 ) 175 ( 3 ) 20(10) o ( 0) 
12- 606(12) 331{ 1 ) 319( 7) 175 ( 3) 20 (10) 0(, 0) 
15- 698(15) 329{ 1 ) 184(16) 55( 7 ) 47( 2) 29{ 5) 
4- 627( 4 ) 327 ( 1) 53 ( 7 ) 47( 2 ) 29 ( 5) 20{l0) 
6- 583 ( 6 ) 335 ( 7 ) 331( 1 ) .Sl( 5) 20 (10y o ( 0) 
19- 692 (19) 485( 2 ) _ 327 ( 1 ) 47( 7 ) 26(10) (I ( 0) 
20- 610 (l0) 558(20) 331 ( 1) 79{ 7 ) 57 ( 2 ) o ( 0) 
----------------------------------------------------------------------
Table 5.17 Passenger optimisation results of case study-l; pas. factor=2.0234 
passenger optimi:ation between city 1 and other cities 
passenger factor= 2.S 
*,*." ••••••••••••••••• ww.,ww ••• w •• w,., •• ww •• ww •• ww •••• w •••• ww •• * ••• 
TABLE • SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO IMONTHLY 1990) 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lE6" 
FLOW GENERATED COST 
----------------------------------------------------------------------
I-Tehran ITHR) 900 82 14946 2 
9- Kennanshahan IKSH) 900 312 18726 3 
13-Urmieh IOMH) 900 292 18918 3 
2- Isfahan IIFN) 900 792 20776 4 
5- Zahdan IZAH) 900 742 23968 4 
3- Shiraz ISYZ.) 900 740 24000 4 
16-Yazd IAZD) 900 950 24144 5 
7- Bandarabbas IBND) 900 700 24286 4 
ll-Ahwaz IAWZ) 900 910 24768 4 
17-Sary ISRY) 900 1276 25242 4 
18-Rasht IRAS) 900 1264 252'64 4 
14-Tabriz ITBZ) 900 636 25410 3 
10-Busher IBUZ) 900 764 25662 4 
8- Bandarlengeh IBOH) 900 1186 26476 4 
12-Kish IKIH) 900 1194 26528 4 
15-Kerrnan IKER) 900 1072 26602 4 
4- Mashad Il~HO) 900 674 27460 4 
6- Chabahar IZBR) 90-0 1358 31604 5 
19-.b.badan 1."8D) 900 1410 33540 4 
20-Khark IKHK) 900 1484 35606 5 
-----------~----------------------------------------------------------
Main-Hub ICity) Mini-Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 982 ( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
9- 491( 1 ) 230( 9) o ( 0) o ( 0) o ( 0) o ( 0) 
13- 489 ( 1 ) 213(13) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 834 ( 2) 4111 1 ) 1151 3 ) 551 7 ) 25110) o ( 0) 
5- 747( 5) 413( 1) 68( 2) 63 ( 7 ) 25(10) o ( 0) 
3- 7911 3 ) 409( 1) 68( 2) 55! 7 ) 47 (16) 25(10) 
16- SB1 (16) 411 ( 1 ) 1181 2) 61 ( 7 ) 35( 5) 25(10) 
7- 735( 7) 4131 1 ) 681 2) 25(10) 01 0) o ( 0) 
11- 777 (11) 413 ( 1 ) 157( 7) 80( 2 ) 25 (10) o ( 0) 
17- 832(17) 476( 2) 433 ( 1) o ( 0) O( 0) o ( 0) 
18- 826(18) 476( 2 ) 433( 1 ) o ( 0) o ( 0) o ( 0) 
14- 646(14) 457( . 1) (I ( 0) o ( 0) o ( 0) o ( 0) 
10- 757(10) 413 ( 1) 80( 2) 55( 7 ) o ( 0) o ( 0) 
8- 744( 8 ) 415( 1 ) 389( 7) 2111 3 ) 25(10) o ( 0) 
12- 748(12) 415( 1 ) 389( 7) 211( 3 ) 25 (10) o ( 0) 
15- 860115) 4131 1 ) 221(16) 63 ( 7 ) 561 2 ) 35( 5 ) 
4- 775( 4 ) 411 ( 1 ) 61( 7) 56( 2 ) 35( 5) 25(10) 
6- 725( 6 ) 4151 1 ) 4fd( 7) 307( 5 ) 2S(10! o ( 0) 
19- 860(19) 594( :; ) 4111 1) S51 .7 ) 31(10) .0 ( 0) 
20- 747 (10) 700(20) 4151 1 ) 951 7 ) 68( 2) o ( 0) 
----------------------------------------------------------------------
Table 5.18 Passenger optimisation results of case study-1; pas. factor=2.5 235 
passenger optimization between city 1 and other cities 
. 'passenger factor= 3.0 
TABLE ',: SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO (MONTHLY 1990) 
.. ----- --_ .. -_ .. _ .. -- -- - - - -- -- - .. - - -_ .. - - ---- - -- - -- - - .. ---,- -- - -- -- --- - -- -- ---
CITY 
1- Tehran (THR) 
9- Kermanshahan (KSH) 
13-Urmieh (OMH) 
2- Isfahan (IFN) 
5- Zahdan (ZJo.H) 
3- Shira: (SYZ) 
16-Yazd . (.;ZD) 
7- Bandarabbas (END) 
ll-Ahwaz (.'.WZ) 
14-Tabriz (TBZ) 
17-Sary (SRY) 
18-Rasht (RAS) 
10-Busher (IiUZ) 
8- Bandar1engeh (SDH) 
12-Kish (KIH) 
15-Kerman (KER) 
4- Mashad (HHD) 
6- Chabahar (Z3R) 
19-Abadan (.'.3D) 
20-Khark (KHK) 
TOTAL ,NO. TRIPS 
"1000" "1000" 
TOTJo.L 
"lE6" 
FLOW' GENEAATED COST 
1064 82 17146 
1064 352 21530 
1064 328 21770 
1064 942 24284 
1064 876 28024 
1064 878 28134 
1064 1124 28298 
1064 8a 28464 
1064 10;6 28952 
1064 740 29394 
1064 !504 29398 
1064 1~90 29422 
1064 902 30026 
1064 H04 31050 
1064 1410 31100 
1064 ~2c4 31120 
1064 800 32112 
1054 :.c20 37154 
10,64 :676 39364 
1054 1"; 6 6 41872 
DIAMETER 
2 
3 
3 
4 
4 
4 
5 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 
'5 
4 
5 
----------------------------------------------------------------------
Main-Hub (City) Hi::i-Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 1146 ( 1) o ( (I ) o ( 0) o ( 0) o ( 0) o ( 0) 
9- 573 ( 1) 270( 9 ) (J ( 0) o ( 0) o ( 0) o ( 0) 
13- 571( 1) 249(13) o ( 0) o ( 0) o ( 0) o ( 0) 
~ 990( 2) 493 ( U 135 ( 3) 63 ( 7) 29(10) o ( 0) ~-
5- 883 ( 5) 495( 1 ) 78( 2) 73( 7 ) 29 (10) o ( 0) 
3- 937 ( 3 ) 491( 1) 78( 2) 63 ( 7,) 56 (16) 29(10) 
16- 1044(16) 493( 1) 136 ( 2) 71( 7 ) 41! 5) 29(10) 
7- 869( 7) 495( 1 ) 78( 2) 29 (10) o ( 0) o ( 0) 
11- 919(11) 495( 1) 185( 7) 92( 2 ) 29 (10) o ( 0) 
14- 761(14) , 539 ( 1) o ( Cl) o ( 0) o ( 0) o ( 0) 
17- 986(17) S58( 2) 515 ( 1) o ( 0) o ( 0) o ( 0) 
. 18- 979 (18) 558( 2) 515( 1) o ( 0) o ( 0) o ( 0) 
10- 895(10) 495( 1 ) 92( 2) 63 ( 7 ) o ( 0) o ( 0) 
8-, 884 ( 8) 457 ( 1) 45,9 ( 7) 245( 3 ) 29 (10) o ( 0) 
12- 887(12) 497( U 459 ( 7 ) 245( 3 ) 29 (10) o ( 0) 
15- 1018(15) 495( 1) 258 (16) 73 ( 7 ) 64 ( 2 ) 4l( S) 
4- 919( 4 ) 493 ( 1 ) 71 ( 7) 64( 2 ) 4l! 5) 29(10) 
6- 865( 6) 497 ( 1) 477 ( 7) 363 ( .5) 29(10) o ( 0) 
19- 1024 (19) 702( 2 ) 493 ( 1 ) 53( 7 ) 37 (101 o ( 0) 
20- 883 (10) 840 (20) 497 ( 1) 1ll( 7 ) 78( 2) o ( 0) 
----------------------------------------------------------------------
Table 5.19 Passenger optimisation results of case study-I; pas.factor=3.0 236 
cost optimi:ation between city I and other cities 
, cost factor= ,.25 
TABLE .. SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY) 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS TOTAL ,'DIAMETER 
"1000" '1000" "IE6' , 
FLOW GENERATED COST 
-~---------------------------------------------------- ----------------
1- Tehran (THR) 400 82 1756 2 
2- Is fahan (IFN) 400 82 1756 2 
3- Shiraz (Sn) 400 82 1756 2 
4- Mashad (MHO) 400 82 1756 2 
5- Zahdan (ZAH) 400 82 1756 2 
6- Chabahar. (ZBR) 400 82 1756 2 
9- Kermanshahan (KSH) 400 82 1756 2 
10-Busher (BUZ) 400 82 1756 2 
II-Ahwaz (AWZ) 400 82 1756 2 
13-Urmieh (OMH) 400 82 1756 2 
14-Tabriz (TBZ) . 400 82 1756 2 
15-KermaD (KER) 400 82 1756 2 
16-Yazd (AZD) 4 (10. 82 1756 2 
17-Sary (SRY) 4(10 82 1756 2 
18-Rasht (RAS) 400 82 1756 2 
19-Abadan (;'.BD) 400 82 1756 2' 
20-Khark (KHK) 4(10 82 1756 2 
7 - Bandarabbas (EllD) 400 84 1860 3 
8- Bandarlengeh (EDH) 400 122 2078 3 
12-Kish (KIH) 400 134 2122 3 
--------------------------~--------------------------- ----------------
Main-Hub (City) Mini-Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 482 ( 1 ) o ( 0) o ( 0) o ( (I) o ( 0) o ( 0) 
2- 482 ( 1) o ( (I) o ( (I ) O( 0) O( 0) o ( 0) 
3- 482( I) o ( (I) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 482( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 482( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
6- 482( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
9- 482 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
10- 482( 1 ) o ( 0) o ( 0) o ( 0) o ( ,0) o ( 0) 
11- 482 ( 11 o ( ,0) (I ( 0) o ( 0) o ( 0) o ( 0) 
13- 482( I) o ( 0) o ( 0) 0(' 0) o ( 0) ,0 ( 0) 
14- 482 ( 1) o ( 0) (I ( 0) o ( 0) o ( 0) o ( 0) 
15- 482 ( 1.) (I ( 0) O( 0) o ( 0) o ( 0) o ( 0) 
16- 482( 1) o ( (11 O( 0) o ( 0) o ( 0) o ( 0) 
17- 482 ( I) o ( 0) O( 0) o ( 0) o ( 0) o ( 0) 
18- 482 ( 11 o ( (I) O( (I) OC 0) o ( 0) o ( 0) 
19- 482( 1 ) o ( 0) O( r)) o ( 0)' o ( 0) o ( 0) 
20- 482 ( 1 ) o ( 0) O( 0) o ( (I ) o ( 0) o ( 0) 
7- 235( 11 34 ( 7 ) o ( 0) O( 0) o ( ,0) o ( 0) 
3- 23S( 1) 52( 8) o ( 01 • o ( 01 o ( '0) o ( 0) 
12- 241 ( 1 ) 53 (121 O( 0) o ( . (11 o ( 0) o ( 0) 
----------------------------------------------------------------------
Table 5.23 Cost optimisation results of case study-2; cost factor=O.25 237 
cost optimization between city 1 and other cities 
cost (actor= .5 
TABLE· : SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
----------------------------------------------------------------------
CITY TOTAL NO. TRIPS 
'1000' '1000' 
FLOW GENERATED 
TOTAL 
'lE6' 
COST 
DI'>l1ETER 
----------------------------------------------------------------------
1- Tehran (THR) 400 82 3878 2 . 
9- Kermanshahan (KSH) 400 82 3878 2 
13-Urmieh (OMH) 400 82 3878 2 
17-Sary (SRY) 400 82 3878 2 
14-Tabri: (TBZ) 400 88 3970 3 
4- Mashad (MHD) 400 106 4240 3 
18-Rasht (RAS) 400 128 4314 3 
20-Khark (KHK) 400 104 4330 3 
15-Kerman (KER) 400 170 4696 3 
2- Isfahan (IFN) 400 176 4848 3 
6- Chabahar (ZBR) 400 158 4990 4 
19-Abadan (ABD) 400 160 5176 3 
3- Shira: (SYZ) 400 160 5282 3 
8- Bandarlengeh (BOH) 400 222 5490 4 
12-Kish (KIH) 400 234 5496 4 
10-Busher . (BUZ) 400 208 5598 3 
ll-Ahwa: (AWZ) 400 230 5606 3 
5- Zahdan (ZAH) 400 238 5870 3 
7- Bandarabbas (BND) 400 224 6060 3 
16-Ya:d . (AZD) 400 304 6628 3 
-------.--------------.--------------.--------------------------------
Main-Hub (City) Nini-Hubs Flow (Cities). 
Flow a b c d e 
----------------------------------------------------------------------
1- 482 ( 1) (I ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
9- 482( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
13- 482 ( 1) o ( 0) O( I)) o ( 0) o ( 0) o ( 0) 
17- 482( 1) o ( (J) o ( 0) o ( 0) o ( 0) o ( 0) 
14- 241( 1) 29 (14) O( 0) o ( 0) o ( 0) o ( 0) 
4- 237 ( 1) 83 ( 4) o ( 0) (I ( 0) o ( 0) o ( 0) 
18- 241( 1 ) 49 (18) o ( 0) (I ( 0) o ( 0) o ( 0) 
20- 241( 1) 22 (20) O( 0) o I 0) o ( 0) o ( 0) 
IS- 239( 1) 98(15) O( 0) o ( 0) o ( 0) o ( 0) 
2- 231( 1) 134 ( 2) o ( 0) o ( 0) o ( 0) o ( 0) 
6- 229( 1) 83 ( 6) 34 ( 7) o ( 0; o ( 0) 01 0) 
19- 239( 1) 80(19) O( (l) o ( 0) o ( 0) o ( 0) 
3- 20l( 1) 17l( 3) o ( 0) o ( 0) o ( 0) o ( 0) 
8- 21S( 1) 16B( 8 ) 30 ( 7 ) o ( 0) o ( 0) o ( 0) 
12- 217( lJ 173 (12) 30 ( 7) ·0 ( 0) o ( 0) o ( 0) 
10- 217( 1 ) 161(10) o ( 0) o ( 0)' o ( 0) o ( 0) 
11- 219( 1 ) 171 (11) o ( (I) o ( 0) o ( 0) o ( 0) 
5- 223( lJ 190( 5) o ( O) 0, 0) o ( :0) o ( 0) 
7- 209 ( lJ 200 ( 7 ) o ( 0) o ( 0) o ( '0) o ( 0) 
16- 248 (l6) 219 I 1 ) 01 0) o I 0) o ( 0) o ( 0) 
-------"-------------------------------------------------------------£38 
Table 5.14 Cost optimisation results of case study-2; cost factor=O.5 
cost optimization between city 1 and other cities 
cost factor= .75 
TABLE .: SUMMARY OF THE HOMAHUI~ PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
--------------------------------_.-------------------- --------~-------
CITY 
1- Tehran (THR) 
9- Kermanshahan (KSH) 
13-Urmieh (OMH) 
14-Tabriz (TB3) 
17-Sary (SRY) 
18-Rasht (RAS) 
8- Bandarlengeh (BDH) 
12-Kish (KIH) 
19-Abadan' . (ABO) 
-
Shiraz (SYZ) 
2- Isfahan (IFI') 
15-Kerman (KER) 
16-Ya:d (;'.30) 
20-Kha!"K ()~H!: ) 
11-;. ... '1wa:. <.>,.:Z) 
5- Zahdan (Z.L.H) 
7- Eandarabbas (BND) 
lO-3usher (BUZ) 
4- ?·~a shad (lJ,HD) 
6- Chabahar (ZER) 
TOTAL 
'1000' 
FLOW 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
'.400 
400 
400 
400 
.a0 
400 
400 
400 
HIO 
400 
NO. TRIPS 
'1000' 
GENERATED 
82 
82 
82 
88 
276 
270 
310 
320 
.08 
2-'2 
320 
298 
3~2 
3E·2 
334 
330 
306 
342 
252 
554 
TOTAL 
'lE6' 
COST 
5982 
5982 
5982 
6104 
8196 
-8216 
8368 
8438 
8552 
8678 
8770 
8922 
9156 
9815 
9926 
10104 
10148 
11012 
11058 
12250 
DIAMETER 
2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
3 
4 
4 
5 
4 
4 
4 
4 
4 
5 
---------------------------------------------------------------.-----. 
l·~ain -Hub (City) Mini-Hubs Flow (Cities) 
FIo'''; a b c d e 
---------------------------------.------------------------------------
-
'Et( 1) (l ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
,- ~82{ 1 ) (I ( (I) o ( 0) o ( 0) (I ( 0) o ( 0) 
1:;- -'82( 1 i (i { Cli (I ( Cl : (l ( 0) o ( (I ) o ( 0) 
24 - ~ 41 ( 1 ) ~S{14l o ( I" ' .', O( 0) o ( 0) o ( 0) 
1i- :::;: 7 ( , ) "Oe(17) C ( (I \ o ( 0) o ( 0) o ( 0) 
. , 
.Le:- :;:;'7 ( 1 ) 205(18) o ( (I) o ( 0) o ( 0) o ( 0) 
0- 212( a) ~OS( 1) SO( i) 11(10) o ( 0) o ( 0) 
1'::- :!!.7(1:;:) ~:OS ( II ao( ,- 11 (10) o ( 0) o ( 0) 
· , 
lS- 229( 1) - 136(19) 13(10) o ( 0) o ( 0) o ( 0) 
~- ~a~( 3 ) 1 €. 7 , 1) 30( 7 ) 11(10) o ( 0) o ( 0) 
<- 326( ;; ) 1 E3 ( 1 ) (I ( 0) (I ( 0) o ( 0) o ( 0) 
25- :; SE (. s) . !S7( 
-, 3H 7 ) lS( 5) o ( 0) o ( 0) 
:€- 222 (26) ~ '7 ~ ( 1 ) :; ( ( '7 ; lS( < , ., (I ( C) o ( 0) 
2{i- '::2S{ 1 ) 1 e: ( J. (I} 15(1(20) 30 ( 7) o ( (I) o ( 0) 
... ..:.- ;0S (:li 1 El \ : i :;O( j) 11 (10) (l( 0) o ( 0) 
5- 230 ( = ' 1 € j ~ ! } 3~{ ,- (I( (l ) - o ( 0) o ( 0) . , · , 
7- 32E( 7 ) 165 ( . , l • 11(J(I) (I ( (I) o ( 0) o ( 0) 
10- :;:;7 (1(1) 171 ( 1 ) 30( 7 ) (I , 0) (I ( 0) o ( 0) 
(- :; 9 7 ( 4 ) 17; ( 1 ; la( S j (I ( (I) (l ( :0 ) o ( 0) 
6- :;.n( c) !S1 ( ::. ) :H( ,. 140 ( S) 11 (10) o ( 0) · , 
------------------------------~~---------------------- ---------------
Table 5.15 Cost optimisation results of case study-2;cost factor=O.7S 
239 
cost optimi~ation between city 1 and other cities 
cost factor= 1.0 
TABLE : SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
CITY TOTAL 
"1000" 
FLOW 
NO. TRIPS 
"1000" 
GENERATED 
TOTAL 
"lE6" 
COST 
DIAMETER 
1- Tehran (THR) 400 82 8334 2 
2- Isfahan (IFN) 400 342 10246 4 
9- Kerrrianshahan (KSH) 400 192 10310 3 
13-Urmi eh (OMH) 400 184 10358 3 
3- Shiraz (Sl'Z) 400 318 11578 4 
16-Ya:d (AW) 400 420 11692 5 
7- Bandarabbas (BND) 400 314 11748 4 
5- Zahdan (ZAH) 400 338 11810 4 
11-Ahwa z (AWZ) 400 410 12208 4 
10-Busher (BUZ) 400 350 12580 4 
8- Bandarlengeh (BDH) 400 526 12742 4 
. 17-Sary (SRY) 400 576 12764 4 
18-Rasht (RAS) 400 570 12788 4 
12-Kish (KIH) 400 536 12812 4 
15-Kerman (KER) 400 492 13026 4 
14-Tabriz (TBZ) 400 320 13468 3 
4- ~lashad (MHD) 400 292 13490 4 
6- Chabahar (ZBR) 400 594 14954 5 
19-.2-.badan ( )o.5D) 400 610 16072 4 
20-Khark (KHK) 400 634 16788 5 
---------------------------------------------------------~------------
l-1ain-Hub (City) ,I~ini-Hubs Flow (Cities) 
Flo'W a b c d e 
------------------------------------------------------------'----------
!- 482( l) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 360 ( 2 ) 161 ( 1 ) 59( 3 ) 30 ( 7) 11(10) o ( 0) 
S- . 2 41 ( 1 ) l::'O( 9 ) o ( 0) o ( 0) o ( 0) o ( 0) 
--
239( ::. ) 1(JS{13) o ( (I) o ( (I) o ( 0) o ( 0) 
-
345( 3 J ,59( 2 J 3 E ( . ) 30{ 7) 20 (1 6) 11(10)' 
16- 384 (16) 161 ( 1 ) S8( . ) 34 ( 7) 18 ( 5) 11 (10) 
i- 330( i) 163 ( 1 ) 36( 2 ) 11(10) (I ( 0) o ( 0) 
-.- ~,34 ( 5) 163 ( 1 ) 361 ;; ) 36 ( 7, 11(10) o ( 0) 
11- 347(11) 163 ( 1 ) 74 ( 7 ) 421 2) 11 (la) o ( 0) 
lCI- 341(10) 163 ( 1 ) 421 :< ) 3D( 7) o I 0) o ( 0) 
E- 3201 8) ::.eO( 7 ) :S5( : ) 10S( 3 ) 11 (10) o ( 0) 
:7- ::58(17) •• 4( 2) ::'83 ( 1) o ( 0) o ( 0) o ( 0) 
:E- 255(18: ~~ 4 ( . ) 183 ( : ) (I ( (I ) 01 0) o ( 0) 
:;'2- 325(12) ::. 8 (I ( 7 ) :E5( 1) 1051 3) 11(10) o ( 0) 
~5- 378(15) 1631 1 ) 11011£) 36( 7) j 0 ( 2) 18 ( 5) 
: (- ::::S-5(1~j ~O71 
" 
(I I c) ) (11 0). o ( (I ) o ( 0) 
(-
.3 3· 5 ( 4 ) J61( 1 ) 34 ( 7 ) 301 2 ) 18 ( 5) 11 (l0) 
6- 3011 6) 192( 7 ) 165 ( 1 ) J40( 5) 11(10) o ( 0) 
:~- %(1119) ~7(Ji < ) 1611 ~ ) 301 7 ) 15(l'0) o ( 0) 
~(J- 337(1(1) .76(2(1 ) 10S I 1 ) al 7 ) j: 6 ( 2 ) o ( 0) 
------~----------------------------------------------- -------------
Table 5.26 Cost optirnisation results of case study-2; cost factor-1.0 
240 
cost optimi~ation between city 1 and other cities 
cost factor= 1.5 
TABLE : SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 21MONTHLY 1990) 
. . 
----------------------------------------------------------------------
CITY 
2- Isfahan 
1- Tehran 
17-Sary 
l"B-Rasht 
3- Shira: 
16-Ya;:d 
15-Kerman 
13 -Urm.i.eh 
11-Ahwaz 
5- Zahdan 
4- Mashad 
7- Bandarabbas 
10-Busher 
H-Tabri3 
6- Bandarlengeh 
12-Kish 
9- Kermanshahan 
19-Abadan 
6- Chabahar 
20-Khark 
IIFN) 
ITHR) 
ISRY) 
IR>'S) 
ISYZ) 
IAZD) 
IKER) 
10MH) 
IAWZ) 
IZAH) 
IMHD) 
lEND) 
IBUZ) 
ITEZ) 
IBDH) 
IKIH) 
IKSH) 
{.~.SD) 
IZER) 
(KHK) 
TOTAL· 
"1000" 
FLOW 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
NO. TRIPS 
"1000" 
GENERATED 
342 
62 
564 
556 
318 
416 
50 (J 
330 
494 
422 
292 
398 
434 
H6 
624 
634 
408 
610 
7::' 6 
7a 
TOTAL 
"lE6" 
COST 
11662 
12264 
13544 
13578 
13656 
13764 
15224 
15412 
15556 
15624 
15854 
16020 
16386 
16734 
17226 
17296 
17948 
18438 
~(l312 
21988 
DIAMETER 
4 
2 
5 
5 
4 
5 
4 
5 
4 
4 
4 
4 
4 
5 
5 
5 
5 
4 
6 
5 
----------------------------------------------------------------------
Main-Hub ICity) I-Hni-Hubs Flow ICities) 
Flow a b c d e 
----------------------------------------------------------------------
2- 3501 2 ) 261( , , 
- I 59 I 3) 301 7 ) 11 (10) 01 0) 
1- 4e21 1). 01 0) 01 0) 01 0) 01 0) 01 0) 
~ 7- 352(17) 2}OI :; .) 161 ( 1 ) 591 3 ) 30( 7) 11(10) 
:s- 349(18) ~::O( 2) 161 ( 1 ) 59 I } ) 30 ( 7) 11 (10) 
,- .:.~S( 3) :591 ' , 3 e: ( -, 301 7 ) 20(16) 11 (10) 
-, .. 
16- 38~(16) IS,I 1 ) S81 ~ ) 53 ( 3 ) 34 I 7 ) 181 5) 
15- 382(15) lol( 1) 110 (16) 361 2) 361 7 ) IS1 5) 
:~ .. 207 I 1) 17,(1:') j,5S( 3} 301 7 ) 11 (10) 01 0) 
11- 38S(11) 88( 2) HI 7-) 53 I 3 ) 11(10) o ( 0) 
:,00 3HI 5) 82 I 2 ) : s ( , ) 53 I 3 ) 36{ 7) 11110 ) 
(- 3351 4 ) 161 I 1 ) 34 ( 7) 3111 2 ) 18 ( 5) 11(10) 
7- 372,( 7 ) a~( .) 55( 4 ) 53 ( ~ ) 11(10) 01 0) 
:;. C'- 31:; (10) al ~ ) ::. ( 3) 301 -, I I 0115 ) 01 0) 
:4- 3571H) : fl I ; 1 13 (I ( ~) . 59 ( ;, ) 301 7 ) OilS) 
6- 3661 8) 1001 7 ) l59{ 1 ) 157 I 3 ) 361 2 ) 11 (10) 
:~- 371 (12) lcOI ") ) 15,1 1 ) :571 3 ). 36 I 2) 11 (10) 
:- 2HI S) ~4S( : I 1.91 4 ) ~~ (19) 181 5 ) 01 0) 
19- 360(19) ~701 . ) lOll 1 ) 301 7 ) 15 I 10) o ( 0) 
6- 301 6) ~ ~ ~ ( " , , I 1 ~ (, ( : , ., 82 I 2 ) 55 I I 4) 53 ( 3 ) 
~ 0- 3:: 9 (10) 32(112(1) ;; ( 3) H(19) 461 7 ) 421 2) 
--------------- ___ ~------ _________________ oo ___________ ____________ • 
Table <: ~-_._ I Cost optirnisation results of case study-2; cost factor=LS 
241 
cost optimi:ation between city 1 and other cities 
cost factor= 2.0 
, SUMMARY OF THE HOMAHUM PREt)ICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
CITY TOTAL 
'1000' 
FLOW 
NO. TRIPS 
'1000' 
GENERATED 
TOTAL 
'lE6' 
COST 
DIAMETER 
2- Isfahan ( Inl) 400 338 13356 4 
17-Sary (SRY) 400 564 15242 5 
18-Rasht (RAS) 400 558 15326 5 
16-Y.zd ( AZD') 400 416 15750 5 
3- Shiraz (SYZ) 400 318 15956 4 
1- Tehr.n (THR) 400 82 16738 3 
lS-Kerman (KER) 400 494 17520 5 
ll-Ahwaz (;!.:wZ) 400 494 17878 4 
5- Zahdari (:.'.H) 400 422 18280 4 
4- Mashad (I-mD) 400 a8 18444 4 
7- Bandarabbas ( 3J.~D) 400 ; 98· 18670 4 
14-Tabriz {TBZ) 400 4<:2 18688 5 
10-3usher (BU2) 400 04 19044 4 
20-Khark ~ ~~HK) 400 OS 19848 5 
8- Bancarlengeh (3:lH) 400 624 B882 5 
12-Y.ish ;l:!H) 400 €~4 19~60 6 
19-}o.badan {.%..3D) 400 604 20686 5 
13-Urmieh (O!-!H) 400 E~ 6 21464 5 
6- Chabahar CZ3R) 400 736 23628 6 
9- Kermanshahan ();SH 1 4(10 602 23648 6 
----------------------------------------------------------------------
l>'.ain-Hub (Ci:y; I~ini -Hubs Flow (Cities) 
Flow • b c d e 
------------------------------------------------------.---------------
"-
~5S( 21 59( :: ) JO( 71 11(101 (I ( 0) o ( 0) 
j,i- 352(17) :;:30 ( 2 ) Hl( ! ) 59( 3) 30( 7) 11 (10) 
:8- ~49(la) 230( 21 161 ( :J 59( 3 ) 30( 7 ) 11(10) 
: 6- :;e~ (l6j 58' ~ I 55 , () 53( 3) 34( 7 ) IS( 5) 
~ ~:. ( , . :::: ( 4 ) 16 { ~ i 30( i) 2(;( 16) 11 (10) 
-
- , 
!- 241 ( 1 ) 1! (l(J) o ( (i} o ( (I) o ( (I) o ( 0) 
15- 380(lS! ;()8f16) o5( () 53( 3 ) :3 6 ( 2 ) 36 ( 7) 
1:- 38:9(11) BB( ;; ) 74 ( 7-) 53( ·3 } 11 (10) o ( 0) 
5- 376( 5) 8~ ( 2 ) 55 ( 0 53( 31 36( 7 ) 11 (la) 
,- 333 ( 4 ) 53 { ~ , 34 ( 7 ) 3(1( 2) i 8 ( 5) 11 (l0) - , 
7- 372 ( 7 ) 8~ ( 2 ) SS ( 0 53( 3 ) 11(10) O( 0) 
1(- 355(H) "30( 2) 59 I 3; ) 30( 7 ) o (19) o ( 0) 
: 0- 3£3(10) cc ( 2 ) 53 ( 3 ) 3 (I ( 7 ) (1(19) (I ( 0) 
:;: (;- 38~ (:C;; :; ( o , a( , , 46(19) H(20) 42( 2) . , 
8- 366( S) : 0 I' ( "' lS7 ( 3 ) 36( 2 ) 11 I i 0) 1 (11) . , 
.:,..:.- Z7111~j :80( 71 157 ( ; ) 36 ( ~) 11 (10) o (19) 
-- ?SB!lS) :! £2 ( 53 ( ; i 301 7 ) lS! 10) o ( 0) ~, 
13 ... 341 ( 31 ::,7 (13) 161( 1 ) 30·( 7 ) 3 (I ( ; 2) 20 (l6) 
6- 301 E.) .,:;( i 1 14 (I I : ) 82 ( 2 ) 5S ( . 4 ) 53 ( 3 ) 
:- ~ 7 (-, t. ~) :; t.: ( .s l ~ 4 (: S l 18 ( 51 13 (11 ) 13(10) 
- - - ... - ... - - - ~'- - - - - ........ - .... - - ~ ..: .. '!. - .. - - - - _ .. - ........ - - - .. - _ ...... - - - .. - - - - - - .... - _ .... - - --
Tabl~ ::.~8 Cost optirnisation results of case studv-2; cost factor-Z.O . 
- 242 
cost optimi:ation between city 1 and other cities 
cost factor= 2.5 
TABLE' : SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
----------------------------------------------------------------------
CITY TOTAL 
"1000" 
FLOW 
NO. TRIPS 
"1000" 
GENERATED 
TOTAL 
"lE6" 
COST 
DIAMETER 
------------~----------------------------------------- ----------------
2- Isfahan (IFN) 400 338 14692 4 
17-Sary (SRY) 400 558 . 16502 4 
IB-Rasht (MS) 400 552 16586 5 
19 -.L.bacan (,;BD) 400 470 ' 17238 5 
7- B.andara:'bas (END) 400 552 17628 4 
5- Zahcian (ZAH) 400 576 17730 4 
16-Ya:ci (,L.W) 400 416 17740 5 
3- Shira: (SYZ) 400 318 17956 4 
l(l-Bush~r (BUZ) 400 584 18250 4 
1- Tehran (THR) 400 172 19128 4 
lS-Kerman (KER) 400 494 19514 5 
6- Chabahar (ZBR) 400 804 19804 6 
·11-Ahv.'az (;..WZ) 400 494 19872 4 
:;:O-Kharl: (KHK) 400 734 20154 5 
14-Tabriz (TBZ) 400 442 20338 5 
,- Mashad (H:lD) 400 :;:88 20764 4 
8- Banc.a::-len;:eh {BDH) 400 624 22530 5 
12-Kish (K!H) 400 634 22608 6 
13-Urmieh (OI-lH) 4 00 636 22998 4' 
o· ,- Kermanshal-.an (KSH) 400 602 25300 6 
------------------------------------------------------.---------------
l·~ain-Hub, (City) Hini-Hubs Flo'''' (Cities) 
FIo":" a b c ci e 
------------------------------------------------------.---------------
"-
3S8( :;: ) : 9 ( ~ ) 30( 7) 11(10) o ( 0) o ( 0) 
~7- 35(1 (17) :;28( :; ) 59( :; ) 30 ( 7 ) 11 (10) o ( 0) 
lE- 347(18) ::~S ( 2) SS ( 3) 30( 7; 11 (l0) 0(17) 
19- 350( :; ) 132 (19) 53( 3 ) 30 ( 7 ) 15(10) o ( 0) 
7- 3lE:( 2} 29(1r 7 ) S5( ( ) 53( 3 ) 11(10) O( 0) 
-- 3: c· ( :: j ~ S~ ( Si ~S( , ) 53 ( 3) 36( 7 ) 11(10) 
16- ~C:2 (lE) SS( ~ } 55( .;) 53( 3 ) :; 4 ( 7) 18 ( 5). 
3~Sf ' . :s! t; : 36( :;: ) 30 ( 7 ) :;: (I (16) 11 (10) 
- -; 
: 0- ~2~{ :; ) 29S{l(1) 53( 3 ) 30( 7 ) o (9) o ( 0) 
1- :;:29 ( 1 ) 128 ( :. ) ~I)( 7 ) '11 (10) o ( 0) o ( 0) 
15- nOnS) 10S(H) 55! .; ) 53 ( 3 ) 36( :; ) 36 ( 7 ) 
€- 3:f.( • I :;'76 { " >';5 { E; HO ( : , 55( .; ) 53 ( 3 ) , I ., 
1~- :; 8 ~ r 11 ) 8S! :. I H( , " S3( 2 ) 11(10) o ( 0) • I 
~ ( .. ;(::. nl)) 120( 2 ) 53{ :; ) H( 7 ) 46 (19) 46 (20) 
:.; - ~;S{l(} 13 Cl ( 2 ; ::s( 3 I 3(J( 7 i o (is) o ( 0) 
.;- :: :;:: ( .; I 53! :; ) 2,4 ( ,. , , 30( -, ., 18 ( 5) 11 (10) 
S- 35€.{ S) lSO( 7 ) 157( 2 ) 36 L :; ) 11(10) 1 (11) 
:~- :: 7 J. {12 l 180 ( 7 ) l57( :; ) 36( 2) 11 (l0) 0(19) 
1 J.- 345,( , . 
- I 31S113} 36( :;: ) 3 (J '( 7 ) 20(1;6) 11 (10) 
~- 37 C, ( 9) :;, 1 ( .; I :;.; (19) '12 ( 5 ) 13 (11) 13 (10) 
------------------------------------------~----------- -----.------
'Table 5.29 Cost optimisation results of case studv-2; cost factor=2.5 
243 
cost opt~mization between city 1 and other cities 
cost factor= 3.0 
TABLE . : SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
CITY TOTAL 
"1000" 
FLOW 
NO. TRIPS 
"1000" 
GENERATED 
TOTAL 
"lE6" 
COST 
DIAMETER 
2- Isfahan (IFN) 400 338 16340 4 
17-Sary (SRY) 400 558 18152 4 
18-Rasht (RAS) 400 552 18236 5 
16-Yazd (AZD) 400 626 18484 5 
1- Tehran (THR) 400 338 18592 5 
3- Shira: (SYZ) 400 560 18824 4 
19-Abadan (.~BD) 400 470 18890 5 
7- Bandara!::bas (BND) 400 552 19288 4 
5- Zahdan (ZAH) 400 576 19390 4 
10-Busher (BUZ) 400 584 19904 4 
ll-~.hwaz (AWZ) 400 644 19920 4 
8- Bancarlen;eh (3DH) 400 S76 20898 5 
12-Kish (KIH) 400 S86 20578 6 
E- Chabahar (:BR) 400 804 ~1464 6 
20-Khark (KHK) 400 734 a806 5 
J. 5-K-:rman (KER) 400 494 2:!'8~8 5 
14-Tabriz (TBZ) 400 442 22334 5 
4 -Ma.Clad (HHD) 400 606 <2418 4 
13-Urmieh (OHH) 40,0 636 44990 4 
9- Kermanshahan .p:SH) 400 602 :L6964 6 
-------------------------------------.-----------------------------.--
Nain-Hub (Ci ty) Hini-Hl..!bs Flow (Cities) 
Flow a !:: c d e 
-----------------------------------------~------------ .---------------
2- 358( ~ } 59( 3 ) 30( 7 ) 11(10) o ( 0) o ( 0) 
-'- 350(17) ~4S( 2) 59 ( 3 ) 30 ( -, , 11 DO) o ( 0) 
:i.e- 347(181 2.S( :; ) 59 ( 3 ) 30( i) 11(10) 0(17 ) 
:5- 328(1;) 322( ;;'1 55 ( 4 ) 53 ( 31 34 ( 7 ) 18( 5) 
214( :! ) ~ ~ ': f . , ":01:'7) C:;C' , ' ;O( -, 11 (10) _ ....... \ -, , , , 
316( -, 30i( 3 ) 5s( 4 ) 30( 7! 20 (16) 11(10) 
-
<, 
2 S- :; 60·( 21 13:; (19) 53 ( 3 ) 30( 7 ) 15(10) o ( 0) 
, - 3IB( 2 ) 290( 7 ) 5s( 4 ) 53 ( 3 ) 11 (l0) o ( 0) 
5- ;lS( ;;. ) .94( 5) ss( 4 ) 53 ( :; ) 36 ( 7 ) 11(10) 
~.: - 1~2( ~ ; :;:: (1(1) 53 ( :; ) j (l ! i j O(1S) o ( 0) 
" 1~2( ~ ; 305(1!) 74 ( 7 ) S3 ( ; : 11 ! 1 (I l o ( 0) 
e- ;16( :; 1 ~2j:( 2 ) 21L( a) 180! 71 11 (10) 1 (11) 
.. ~16 ( :! ) ~23( :; 1 217 (j,,, ) lSO! 7 i Jl (10) 0(19) .. ~-
£ - ~!f'( :! • :;7£( -, • I'" I : i ~ 4 n ~ :5: ~ ) 53( 3 ) , , ... ~::: , 
-' 
::'0- j(J DO) 3~1.I( ;;. ) S3 ( :: ) 461 i l 46(19) 46 (20) 
,- - :; 80 (1: ) :oal1~J 5S( ~ ) 53 : ": . 36( 2 ) 36( 7 ) . , 
:, - ::5SI1~) ::;O( - \ SS' ( :: ) 3fl! -, r; c: s ) o ( 0) <, ' , 
4- 333( 4 ) 318(17) S3 ( 3 ) 34 ( 71 30( 2 ) 18( 5) 
.. .; :'45( ': \ :.:'::; ! 1; ) :i5( ;; ) JO{ c, , , .(J(l6) 11 (10) 
370( 0, . ~ ~ 1 ( , ) .. , (-. e • 
.:: 'i , .... I 1 S ( S) 13 ( 11 ) 13 (10) 
------ .. -~~------------------------------------------------~-----------
Table ::.30 Cost optimisation results of case stud,,-2: cost factor=3.0 
-' , 244 
******.*******.~*.**.***~**.+***+*+*+.*.+*.w*.w.* •• *** ****+*+++***** 
. 
passenger optimization between city 1 and other cities 
passenger factor= .25 
.+****++*+.*+***.*.* •• **~***.**+.*****+*.*.**.****.***** •• **~*+.*.** 
TABLE .. : SUMMARY Of THE HOMAHUM PREDICTIONS 
RESULTS Of CASE: STUDY NO 2 (MONTHLY 1990) 
-------------------------------~--------------------------------------
CITY TOTAL 
"1000" 
fLOW 
NO. TRIPS 
"1000" 
GENERATED 
TOTAL 
"lE6" 
COST 
DIAMETER 
----------------------------------------------------------------------
2- Isfahan (IfN) 154 122 4982 4 
1- Tehran (THR) 154 82 5026 2 
3- Shiraz (SYZ) 154 110 53.62 4 
16-Ya:d (AZD) 154 160 5456 5 
7- Bandarabbas (BND) 154 122 5476 4 
5- Zahdan (ZAH) . 154 140 5728 4 
8- Bandar1engeh (BDH) 154 200 5874 4 
11-.>.hwaz (AWZ) 154 162 5918 4 
12-Kish (KIH) 154 210 5950 4 
10-Busher (SUZ) 154 144 6032 4 
13~Urmieh (OMH) 154 l30 6074 3 
'9- Kermanshahan (KSH) 154 132 6098 3· 
15-Kem.an (KER) 154 208 6234 4 
4- 1-1ashad (MHO) 154 106 6498 4 
17-Sary (SRY) 154 232 E 52 8 4 
~a-?asht (?~.S) 134 230 6552 4 
6- Chabahar (ZBR) 1:'4 220 6630 5 
19-~.badan (~.BOr 154 214 7334 4 
~O-Khark (KHK) 154 216 7372 5 
14-Tabriz (TB!) 154 162 7492 3 
----------------------------------------------------------------------
Main-Hub (Ci:y) l'1ini-Hubs Flow (Cities) 
F"!OW a b c d e 
----------------------------------------------------------------------
~- 127 ( ;,) 38 ( 1 ) 32( 3 ) 18( 7 ) 5(10) o ( 0) 
1- =:36( 1) o ( 0) o ( (0) o ( 0) o ( 0) o ( 0) 
3- 126( " ) 36 ( 1 ) 19( :; ) 18( 7) 7 (16) 5 (l 0) 1E- 1::9 l 16) 3e( 1 ) - 0 , . -, ;, ) 22( 7 ) 9 ( 5) 5(10) 
7- 130 ( 7 ) 4 (1 ( H 19 ( ;, ) 5(lCl) o ( 0) o ( 0) 
S- DI ( 5 ) 40( 1) :; 4 ( 7 I 19 ( 2 ) 5(10) o ( 0) 
s- : 1~ ( o j 7c( -, :2( :; j 42( 1) 5(10) o ( 0) . 
11- 135(11) 4 (I ( 1 ) 32 ( 7 ) 23 ( 2) 5(10) o ( 0) 
22- !17(1~) i E { 7 } :: 2 ( :? ) 42 ( 1 ) 5(10) C ( 0) 
~o- 135 (10) 40( 1 ) 23{ 2 ) 18 ( 7 ) o ( 0) o ( 0) 
.:..; - 115 ( 1 ) 51 {~~ ) (t ( I) ) o ( (, ) (J ( 0) o ( 0) 
;.- :!.: e ( 1 ) on· ~ , Ol ,. , o ( (I ) o ( 0) o ( 0) ... ,. I .. , 
15- 14;' (15) 55 {1: i 4 fJ ( 1 ) 24 ( 7) 17 ( 2 ) 9 ( 5) 
~- 119 ( 4 ) 36 I· 1 i -- , ~., 7 ) 17 ( 2 ) 9 ( 5) 5 (10) 
, " 1:!4 (l.i) 1 (J 1 { -, ; Cl ( · , o ( 0) o ( 0) o ( 0) ':"- •• · , 
~e- 123(18) 101 ! 2 ) 60( 1 ) (I ( 0) o ( 0) o ( 0) 
E- 50 3 ( 6) BS( 7 ) 57( 5) 42 ( 1 ) 5 (10) o ( 0) 
~9- !14(1?~ 1 (I; ! . , 
" . 3 S \ · , 18 ( 7 ) 9 (10) 0( 0) 
• (1- 135(111) 62 r ~ (i) .j2( 1 i ~ ~ ( 7 ) 21 ( 2 ) o ( 0) 
14- 1.(1 (H) 84( II (I ( rJ) (I ( (I) (J ( en o ( 0) 
----------------------------------------------------------------------
Table 5.31 Passenger optimisation results or case study-2; pas. ractor=O-l-is 
passenger 6ptimi:ation between city 1 and other cities 
pas'senger factor= .5 
TABLE ': SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS. OF CASE STUDY NO 2(MONTHLY 1990) 
CITY TOTAL 
"1000" 
FLOW 
NO. TRIPS 
"1000" 
GENERATED 
TOTAL 
"lE6" 
COST 
DIAMETER 
-------~--------------------------------------------------------------
1- Tehran (THR) 236 82 6126 2 
2- Isfahan (IFN) 236 196 6736 4 
3- ,Shiraz (SYZ) 236 180 7436 4 
9- Kerrnanshahan (KSH) 236 152 7498 3 
13-Urmieh (OMH) 236 148 7500 3 
16-Yazd' (AZO) 236 248 7534 5 
7- Bandarabbas (BNO) 236 186 7568 4 
5- Zahdan· (ZAH) 236 206 7754 4 
11-Ahwaz (AWZ) :;:36 244 8016 4 
8- Bandar1engeh (BOH) :;:36 306 8164 4 
10-Busher (BUZ) 236 212 8216 4 
12-Kish (KIH) . 236 316 8238 4 
15-Kerman (KER) 236 302 8498 4 
17-Sary (SRY) ~36 346 8604 4 
18-Rasht (R".S) 236 342 8628 4 
4- Mashad (MHO) 236 168 8828 '4 
6- Chabahar (ZBR) 236 342 9406 5 
14-Tabriz (TBZ) 236 214 9482 3 
19-".badan (ABO) 236 346 10246 4 
20-Khark (KHK) 236 352 10510 5 
----------------------------------------------------------------------
Main-Hub (City I Hini -Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 31B( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
:;:- 205 ( 2 ) 7 S ( 1) 4' I 
-, ; ) 22( 71 7 (10 I o ( 0) 
'3- 199 ( 3 I 77 ( 1 ) 25( :<> 22( 7 ) 11 (16) 7 (101 
9- 159 ( 11 70( 9 I o ( 0) o ( 01' o ( 0) o ( 0) 
2. ~ - 157 ( 1 ) 69 (131 o ( 0) o ( 0) o ( 0) o ( 0) 
16- 221(161 79 ( 1) 3S( 2 ) 26( 71 12 ( 51 7 (10) 
, - 1 ~ 6 ( 71 21 ( 1 ; 2S( 21 7(1(1) O( 0) o ( 0) 
:- 19B( 5) 81 ( 11 :<S( 71 :;:5 ( :< ) 7 (10) o ( 0) 
1~- 205(11) 81 ( 11 4=( 71 ;, 9 ( 2) 7 (l0) o ( 0) 
2- 180( 8) 110 ( 7 ) 83 ( 11 69 ( 3 ) 7 (10) o ( '0) 
~(I- :;:03(10) 81 ( 1) 29( 2) 22( 7 ) o ( 0) o ( 0) 
-~ - !. ~S (!~ } :: 0 ( 7 ) c3 ( : ) S9( 3 } 7 (l 0) o ( 0) 
15- 220(15) 81 I 11 73 "6) :<B( j) 21 ( :; ) 12 ( 5) 
,ll- :;0:;,,71 141 ( :; ) lOll 11 o ( 01 o ( 0) o ( 0) 
.- ~()O(lel 10 ( -, : 01 ( . , O( 0) 01 0) o ( 0) ,j.~-
" I -, 
~- lSl( 4 ) 79( 11 - < , ". , 7 I :; 1 I :;: ) 12 ( 5) 7 (10) 
£- 161 ( 51 12;' ( 7 ) 84 ( S) 83( 11 7 (10) o ( 01 
:~- li&!24 : 22:( ! ) O! fl} O! 01 o ( 01 o ( 0) 
.!.~- lS£(19) 16! ( 2 ) 7S( : I ~2' 71 11 (10 I o ( 0) 
~ (1'- 201 (Ill) 136(;,(1) 83( 1 ) 3 (I ( 7 ) 25 ( 2 ) o ( 0) 
~~~----------------------------------------------------------~--------
Table 5.3~ Passenger optimisation results of case study-2; pas. ractor=:Hr€ 
~.~~~,~~.,~, ••• ~ ••• ~ ••••••• ,w.ww •• , •• ", •••••• ".*., •• •••••••• " •• ** 
passenger 6ptimization between city 1 and other cities 
pas~e~ger factor: .75 
TABLE .:SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY1990) 
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
'1000' '1000' 'lE6' 
FLOW GENERATED COST 
----------------------------------------------------------------------
1- Tehran (THR) 318. 82 7226 2 
2- Isfahan (IFN) 318 270 8494 4 
9- Kermanshahan (KSH) 318 172 8900 3 
13-Urmieh (OI~H) 318 166 8926 3 
3- Shiraz (SYZ) 318 248 9502 4 
16-Yazd (AZD) 318 332 9610 5 
7- Bandarabbas (BND) 318 248 9652 4 
5- Zahdan (Z".HI 318 270 9780 4 
11-;'.hwaz (».WZ) 318 326 10104 4 
10-Eusher (EUZI 318 ao 10392 4 
8- Bancarlengeh (3DH) 318 416 10448 4 
l2-Kish (KIHI 318 426 10520 4 
17 -Sary ISRYI 318 462 10686 4 
18-Rasht (R.IISI 318 (58 10710 4 
lS-Kerman (KER) 3:'8 398 10758 4 
4- Hashad (MHO) 318 230 11156 4 
14-Tabri: (T3ZI 318 266 11474 3 
6- Chabahar (Z3R) 318 468 12174 5 
19-F.bacan (.t.3DI 318 08 13154 4 
20-Khark (KHK) 318 494 13642 5 
----------------------------------------------------------------------
I~ain-Hub (C: ty I Mi!"li-Hubs Flow ICities) 
:1014 a b c d e 
----------------------------------------------------------------------
{OO( 11 o ( (I) o ( 0) o ( 01 o ( 0) o ( 0) 
:;- 2 e3 ( -, 12 <) ( 1 ) 5 (I ( 3 ) 26( 71 9 (10) o ( 0) ./ 
:;OO( 11 SO( c' o ( (I) o ( 01 o ( 0) o ( 0) 
." • J 
:50( . , .., ... I • A • o ( 0) (I ( 01 o ( 0) o ( 0) 
--
- , 01 • _.:. I 
3 - :;72( 3 ) lle( 11 .S( - , 
· / 
:; 6 ( 71 15 (16) 9 (la) 
:6- 302(161 1:;O( 1) 47 ( 21 30( 7 ) 1S( 5) 9 (la) 
i- ~62{ 7 ; l~~{ :!.i ~S( ~) S (1 (I) o ( 0) o ( 0) 
5- 265 ( 5) 1~~{ 1 ) 32( 7 ) 29( 2 ) 9 (10) o ( 0) 
~7S{::; : ~ ~ { · . fO( ;1 :;s ( 21 9 (10) o ( 01 - / 
:.(;- 2711101 122( : ) ~s ( ~.) 26( 7 ) o ( 0) O( 0) 
2- 2S0( -8) 146 ( 7 ) ! ~ 4 ( 1 ) 86! 3 ) 9 (la) C( 0) 
. .:.- 2SS{j,~j : ~ 5 ( i; 124 ( : ) 26( 3 ) S (10) o ( 0) 
:7- 280(17) lE3( -, 1 'J 2 ( · , 01 0) o ( 01 o ( 01 •• - , 
18- 278(18) 1 cJ ( ;; I 1 ~ 2 ( 11 I) I (J ) o ( 0) o ( 0) 
,j.~- 300(1S) 122 ( 1 ) 92 (l:: I 32 ( 7 ) 25{ ::: ) 15 ( 5) 
.- 263( 4 ) 12 (J ( ; ) 30 ( 7 ; 25 ( - , 1: , < , 9 (la) < / -. -. :.- 236(14} 166 ( 11 o ( 01 n ( (I I o ( 0) o ( 0) 
6- ~3~( ':i :S6( 7 j 12 ~ ( : i ~ 1 j ( Si S ! 10) (I ( 01 
~~- ~7enS-: 21St -, 12 (I ( · , 26{ 7 ) 13 (: 0) C ( 0) 
· , " 
:;0- 269(10) 20S(::!)) 224 ( 1 ) 38 I 7 ) 31 ( 2 ) o ( 0) 
----------------------------------------------------------------------
Table 5.33 Passenger optimisation results of case stud~·-2; pas. fnctor=O.i5 24i 
·* ••••••••••• *.~* •• *.***~ •• * •••••••••••••• * •••••••••• y ••••• ~ •• ++ •••• 
passenger ~Ptimi=ati~n between city 1 and other cities 
passenger factor= 1.0 
•••••••••••••••••••••••••••••••••••••••••••••••••••••• y ••••••••••••• 
TABLE : SUMMARY or THE HOMAHUM PREDICTIONS 
RESULTS or CASE STUDY NO 2 (MONTHLY 1990) 
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
'1000' '1000' 'lE6 ' 
FLOW GENERATED cbST 
----------------------------------------------------------------------
1- Tehran (THR) 400 82. 8334 2 
2- Isfahan (IFN) 400 342 10246 4 
9- Kermanshahan (KSH) 400 192 10310 3 
13-Urmieh (OMH) 400 184 10358 3 
3 - Shiraz (SYZl 400 318 ll578 4 
16-Yazd (.>'ZO) 400 420 11692 5 
7- Bandarabbas (BNO) 400 314 ll748 4 
5- Zahclan (ZAH) 400 338 ll810 4 
ll-Ahwaz (AWZ) 400 410 12208 4 
10-Busher (BUZ) 400 350 12580 4 
8- Bandarlengeh (BOH) 400 526 12742 4 
17-Sary (SRY) 400 576 12764 4 
18-Rasht (RAS) ~OO 570 12788 4 
12-Kish (KIH) 400 536 12812 4 
lS-Kerman (KER) 400 492 13026 4 
14-Tabri: (TBZ) 400 320 13468 3 
4- Mashad (t-lHO) 400 292 13490. 4 
6- Chabahar (ZBR) 400 594 14954 5 
19-~.badan (l·.BO) 400 610 16072 4 
20-Khark (KHK) 400 634 16788 5 
----------------------------------------------------------------------
Main-Hub ICicy) Hini-Hubs n::>w (Cities) 
Flow a b c d e 
---------------------------------------------.------------------------
1- 4821 1) Cl ( (I ) o ( 0) o ( (I) o ( 0) o ( 0) 
2- 360( 2 ) 161( - , " , SS I 3 ) 301 7 ) llnO) o ( 0) 
9- :; 41 I 1 ) 110 ( : , 
-, 01 0) 01 I)) o ( 0) o ( 0) 
13- ~39{ 1 ) 10SI:::; (I I 0) {I ( (I) 01 0) 01 0) 
3- 345( 3 ) 159( 1 ) 3f( :; ) 30( 7 ) 20 (: 6) 11 (10) 
16- 384(16) 1511 1) S8( 2 ) 34( 7) 18 ( 5) 11(10) 
7- 330( 7 ) 163 I - . " , 36( :; ) ll(10) 01 0) o ( 0) 
5- ·334( 5 ) 163 I 1 ) 3E( 2) 36( 7 ) 11 (10) o ( 0) 
11- 347(11) 163 ( 
- , '7, ( 7 : ,2 ( :; ) 1'- (: 0) o ( 0) 
10- 34: 11(1) 163( - , ". , L • :; ) 30{ -; ) c ( 0) o ( 0) 
8- 3:<0 ( a) 1801 7) 1~5( :J 1051 3 ) 11 (10) o ( 0) 
:7- 358(17) ~,,4 ( ~ i 163 1 1) 01 (I ) c· , .. 0) o ( 0) 
22- 3:5(12) --. , ~~ li • ~; 1 e3 ( : ) (I 1 (.I) c, : 0) o ( 0) 
l~- 325(12) :;.s (J I 7 ) 16S 1 :;, i 1051 -, ~, 11 (: 0) o ( 0) 
15- 37811S) :,,:; I - . 110(j,€) 3o( -; ) 3u{ :; ) 18 ( 5) 
14· ~9S n.n 2071 n! ' . • ) I Cl 1 [I~ ( . '.' . 0) G ( 0) 
4- 33S( 4) 161 ( 1 ) 34 ( 7) 301 :: ) la ( 5) 11110 ) 
6· 3 (J 1 ( 6) 15:; I ; i 1 ES 1 : ) l40( : ) 111: 0) (I ( 0) 
19- 36fJ(l9) .G7C1: L, lE:( _ i 30 ( 7 ) 1:':~Ul o ( 0). 
~(I- 337111.1 ) :276(~t): lESt 1 J 461 7 ' 3 € ~ 2 ) n ( 01 
------------------------------------------------------------------_. 
Table 5.34 Passenger optimisation results of case study-1; pas. factor=1.0 248 
*~** •• **."*.****** •• '*'***"*******.*~'.*.**'*'.".'* .* .... ***.* •• * , 
passenger optimization between city 1 and other cities 
passenger factor= 1.5' 
TABLE .. : SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO.2(MONTHLY 1990) 
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lE6 ". 
FLOW GENERATED COST 
----------------------------------------------------------------------
1- Tehran (THR) 568 82 10532 2 
9- Kermanshahan (KSH) 568 232 13108 3 
13 -Urmieh (OMH) 568 220 13206 3 
2- !sfahan (IFN) 568 496 13758 4 
3- Shiraz (SYZ) 568 460 15714 4 
16-Yazd (P.ZD) 568 600 15838 5 
5- Zahdan (ZAH) 568 474 15858 4 
7- Sandarabbas (BND) 568 444 15926 4 
11-Ahwaz (AWZ) 568 578 16390 4 
17-Sary (SRY) 568 810 16922 4 
10-Busher (BUZ) ·568 488 16936 4 
18-Rasht (RP.S) 568 802 16946 4 
s- Ba:'lda!'le:"lgeh (BDH) 568 746 17318 4 
12-Kish (KIH) 568 754 17380 4 
14-Tabriz (TBZ) 568 424 17446 3 
lS-Kerman (KER) 568 688 17546 4 
4- I'.ashad (MHD) 568 4--~. 18140 4 
6- Chabahar (ZBR) 568 850 20504 5 
19-)..cadan (I·.BD) 568 S30 21894 4 
20-Khark (KHK) . 568 S18 23052 5 
----------------------------------------~------------- ----------------
Main-Hub (Cit.y) l-!ir,i -Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 650( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
9- 32S( 1 ) lS0( 9 ) o ( 0) o ( 0) o ( 0) o ( 0) 
... ..:. - 323( 1 ) HIll3) o ( OJ o ( 0) o ( 0) o ( 0) 
.- 520 r ;: ) ~t!S( 11 H( :; ) JS ( 7 ) 16(10) o ( 0) 
3- t!9S( 3) 243( 1) H( 2 ) 3S( 7) 29 (16) 16(10) 
H- 551(16) 245 ( 1 ) 78( 2 ) 44( 7) 24( 5) 16 (10) 
5- 47~{ S) 247 ( 1 ) 46 ( 2 ) 46 ( 7 ) 16 (10) o ( 0) 
7- 466 ( 7 ) 247 ( 1 ) 46 ( 2 ) 16(10) o ( 0) o ( 0) 
11- 491(11) :<47( 1 ) 102 ( 7 ) 54 ( :< ) 16(10) o ( 0) 
17- 516(17) 30B( 2) 267 (. 
" 
o ( 0) .0 ( 0) o ( 0) 
:c- 480(10) :<47( 1 ) S4 ( 2 ) 3 e ( 7 ) (l ( 0) o ( 0) 
:c- S12{1&l 30S{ ;:) ;: 67 ( :. ) o ( (I ) o ( 0) o ( 0) 
2- 462( 8) :< sn ( 7 ) ~ 4 9 ( 11 US! 3 ) 1£(10) o ( 0) 
12- 466(121 250 ( 7) 249( 1 ) 139 ( 3 ) 16(10) o ( 0) 
,~- 411(j4\ ::91( 1 ) (I ( (, ) [1 ( (, I () ( 01 (I ( 0) 
2:- 540(1:) ~47( 1 l 147 (:€l H( 7 I 38( 21 ;:q S) 
~- 4S3( 4 ) 24S( 1 ) 44 ( 7) 3B ( 21 24 ( 5) 16 (l0) 
. 443 ( ! : ~ 64 ( ') ) ~4S( , . 196( S) )6(1(1) I) ( () ) 
" .. S28(j:': ::n( .:! ) :; 4: ( .. 38 ( 7 ) 22 (10) o ( 0) . ::- . , 
.0- 474 DOl 4181<01 :< 4 9 ( 1 ). 62 ( 7 ) 46 ( 2) o ( 0) . 
----------~--------------------------------------------~--------------
Table 5.35 Passenger optimisation results of case study-2; pas. factor=1.5 249 
passenger optimization between city 1 and other cities 
passenger factor= 2.0 
*"w •••••••••••••••••••• ~ •• * •••••••••• ******.**.***.** ************** 
TABLE •.. : SUMMARY OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
-------------------------------------.--------------------------------
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lE6" 
FLOW GENERATED COST 
---------------------------------------------------------------------. 
1- Tehran (THR) 732 82 12740 2 
9- Kerrnanshahan (KSH) 732 272 15920 3 
13 -Urrnieh (OMH) 732 256 16064 3 
2-' Isfahan (IFI'l) 732 642 17266 4 
3- shira: (SYZ) 732 598 19854 4 
5- Zahdan (ZAH) 732 608 19918 4 
16-Yazd (AZD) 732 772 19994 5 
7- Bandarabbas (BND) 732 570 20110 4 
ll-Ahwa: (AWZ) 732 742 20578 4 
17-Sary (SRY) 732 1040 21084 4 
18-Rasht (RAS) 732 1030 21108 4 
10-Busher (BUZ) 732 526 ~1310 4 
14-Tabriz (TBZ) 732 530 21432 3 
8- Bandarler.geh (BDH) 732 964 21898 4 
12-Kish (KIH) ;32 972 21956 4 
15-Kerrnan (KER) 732 878 22074 4 
4- Mashad .(HHD) 732 546 22806 4 
6- Chabahar (ZBR) 732 1102 25054 5 
19-Abadan (';BD) 732 1142 27722 4 
20-Khark (KHK) 732 l~OO 29332 5 
----------------------------------------------------------------------
Main-Hub (City) Hini-Hubs Flow (Cities) 
now a b c d e 
----------------------------------------------------------------------
1- 8H( 1) o ( (I) o ( 0) o ( 0) o ( 0) o ( 0) 
9- (07 ( !) 190( 9 ) (1 ( 0) o ( (I ) o ( 0) o ( 0) 
13- 40S( 1 ) 177(13) O( 0) o ( 0) o ( 0) o ( 0) 
<- 57s( :< ) 327{ 1 ) 97 ( 3 ) 47 ( 7 ) 20(10) o ( 0) 
:;- 641( ::. ) 3:GS{ 1 ) 57 ( 2 ) 47( 7 ) 38 (16) 20 (10) 
S- 509 ( S) ~2S( 1 ) 57 ( :; ) SS( 7) 20(10) o ( 0) 
16- 714(16) 327( 1 ) 97{ :< ) 53 ( 7 ) 29 ( 5) 20(10) 
7- 599. ( 7 ) 329( 1 ) 57 ( ;: ) 21)(10) o ( 0) o ( 0) 
11- 633(11) 329{ 1 ) 1:<9( 7) 67{ ;: ) 20(10) o ( 0) 
.1 j-
€72(li) :; 91( :< ) 349( 1) O( (I ) o ( 0) o ( 0) 
12.- €'~7(!.2·1 ;?!( :< ) ;~9: ~ j o ( 0) o ( 0) C ( 0) 
10- Ela(H) 32S( 1 ) 57( ;: ) 47 ( 7 ) o ( 0) o ( 0) 
14- S2S(:'~} 373( 
" 
o ( 0) (I ( 0) o ( 0) o ( 0) 
e- 6U2 ( 8 ) 331( 1) 319( 7 ) 175 ( 3 ) 2{J(10) o ( 0) 
2 ~- 605(1:;) 331 ( 1 ) 319( 7 ) 175 ( 3 ) 20(10) o ( 0) 
:5- &98(lSi J~S( 1 i 184(15) 5s( 7 ) 47 ( 2) 29 ( 5) 
4- 527( 4 ) :'27( : ) :3 ( 7 ) 47( ;: ) 2S( S) 20 (10) 
5- 523 ( 6 ) 3; S ( 71 331 ( 1 ) ;: S 1 ( 5 ) :;0 (l(l) o ( 0) 
:s- c9~(lSi 48S( 2l 3 L 7 ( 11 nl 7 ) L6! 10) o ( 0) 
20- ~j () f j(l: :S2{~()) ::. 31 ( 1 1 7:: f 71 57 f 2 ) o ( 0) 
----------------------------------------------------------------------
Table 5.36 Passenger optimisation results of case study-2; pas. factor=2.<f5O 
~ ••• ,~,+*'.*w'*~'**w.'*',~"",,+'*',+ww****'**~*'w*** ****.********* 
passenger bptimization between city 1 and other cities 
passenger factor= 2.5 
TABLE '. SUMMARY, OF THE HOMAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 2 (MONTHLY 1990) 
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lE6" 
FLOW GENERATED COST 
-----------------------------.----------------------------------------
1-' Tehran (THR) 900 82 1'4946 2 
9- Kermanshahan (KSH) 900 312 18726 3' 
13-Urmieh (OMH) 900 292 18918 3 
2- Isfahan (IFN) 900 792 20776 4 
5- Zahdan (ZAH) 900 742 23968 4 
3- Shiraz (SYZ) 900 740 24000 4 
16-Yazd (AZD) 900 950 24144 5 
7- Bandarabbas (BND) 900 700 24286 4 
ll-~.hwaz (AWL) 900 910 24768 4 
17-Sary , (SRY) 900 1276 25242 4 
18-Rasht (R~.S) 900 1264 25264 4 
14-Tabri: ' (TBZ) 900 636 25410 3 
'10-Busher (BUZ) 900 764 25662 4 
S- Bandarlengeh (BDH) 900 1186 26476 4 
1.-Kish (KIH) 900 1194 26528 4 
15-Kerman (KER) 900 1072 26602 4 
4- Mashad 01HD) 900 674 27460 4 
6- Chabahar (ZBR) 900 1358 31604 5 
19-Abadan (ABD) 900 1410 33540 4 
20-Khark ' (KHK) 900 '1484 35606 5 
----------------------------------------------------------------------
Main-Hub (City) Min i-Hubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 982 ( 1) o ( P) o ( 0) o ( 0) o ( 0) o ( 0) 
9- ~ 91 ( 1) 230( S) o ( 0) o ( 0) o ( 0) o ( 0) 
13 - 489( 1 ) 213 (13) O( 0) o ( 0) o ( 0) o ( 0) 
2- e34 ( 2) 411 ( : ) 115 ( 3 ) 55( 7) 25 (10) o ( 0) 
5- 747 ( 5) 413 ( 1) 68( 2) 63 ( 7 ) 25 (10) o ( 0) 
3- 79l( 3 ) 409( 1 ) 68( 2) 55( 7 ) 47(16) 25(10) 
';'0:- E8!(1€) till( : ) 118 ( -\ < , 61 ( 7 ) 3S ( 5) 25(10) 
7- 735( 7) 413 ( 1 ) 6S( :< ) 25(10) o ( 0) o ( 0) 
11- 777(11) 4-13 ( : ) j,57 ! 7 ) SO( . ) 25 (10) o ( 0) 
li- e32 (17) 47E ( . ) 433 ( 1 ) o ( 0) o ( 0) o ( 0) 
18- 826(18) 476 ( 2) 433 ( 1) [) ( 0) o ( 0) o ( 0) 
:.- 646 (HI 4:' i ( : ) (I ( (Ji o ( (, ) o ( 0) o ( 0) 
~O- 75i (10) 413 ( 1) BO! :< ) S5( 7 ) o ( 0) o ( 0) 
S- 744 ( 8i 41S( : ) 389( 7 ) :'ll( 3 ) :<S(10) o ( 0) 
!:l- i~e(l:<) 4. ' c: I 
--. 
: ) ~E9( 7) 211( ; ) 25 (10) o ( 0) 
15- 86011S) 413 f 1 ) 2<1 (15) 63 ( 7 ) S6( 2) ~ 5 ( 5) 
4- 775( 4 ) 411 ( 1) 61 ( 7 ) S6( 2 ) 3S( 5) 25 (l0) 
€- i'i:( 6 : zt15( , ) ".17 I i j ~O7( :, ) 2S(10) o ( 0) 
H- 86nl~?) : 94 ( :< ) G 11 ( 1 ) SS( 7 ) 31 (l0) o ( 0) 
~O- 747 (1(1) 70(1(21.1), 415( 1 ) 9S( 7 ) 58( 2 ) o ( 0) 
----------------------------------------------------------------------
Table 5.37 Passenger optimisation results of case study-2; pas. factor=2.5 251 
passenger ;ptimi=ation between city 1 and other citiei 
passenger factor= 3.0 
TABLE. :: SUMMARY 01' THE HOMAHUM PREDICTIONS 
RESULTS 01' CASE STUDY NO 2 IMONTHLY 1990) 
CITY TOTAL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lE6" 
FLOW GENERATED COST 
------------------------------------------------------------.---------
1- Tehran ITHR) . 1064 82 17146 2 
.9- Kermanshahan IKSH) 1064 352 21530 3 
13 -Urrnieh 10MH) 1064 328 21770 3 
2- Isfahan III'N) 1064 942 24284 4 
5- Zahdan IZAH) 1064 876 28024 4 
3- Shira= IS'l:?) 1064 878 28134 4 
16-Yazd IAZD) 1064 1124 28298 5 
7- Bandarabbas IBND) 1064 8a 28464 4 
ll-;.hwaz (AWZ) 1064 1076 28952 4 
14-Tabri: ITBZ) 1064 740 29394 3 
17~Sary ISRY) 1064 1504 29398 4 
18-Rasht IRAS) 1064 1490 29422 4 
10-Busher IBUZ) 1064 902 30026 4 
8- Bancarlengeh (BDH) 1064 1404 31050 4 
12-Kish IKIH) 1064 1410 31100 4 
15-Kerman IKER) 1064 1264 31120 4 
4- Ha"shac. IMHD) 1064' 800 32112 4 
6- Chabahar IZBR) 2064 1610 37154 5 
19-~.badan II'.BD) 1064 1676 39364 4 
20-Khark IKHK) 1064 1766 41872 5 
----------------------------------------------------------------------
Main-Hub ICity) Mir,i-Hubs Flow ICities) 
Flow a. b c d e 
----------------------------------------------------------------------
1- 11461 1) 01 (1 ) o ( 0) o I 0) 01 0) . 0 I 0) 
9- S731 1) . ;;701 9 ) 01 0) 01 (I) 01 0) o I 0) 
13- 5711 1 ) 249(13) (I I 0) (1 I 0) 01 0) o I 0) 
.-
OCj ..... , 
....... - , 2 ) H31 ' . - , 1 j S ( 3 ) 631 : ) 29(10) o I 0) 
5- 8831 5) 495( 1) 781 2 ) 73 I 7 ) 29 (10) 01 0) 
3- 9371· 3) 491( 1 ) 1S( 2 ) 63 I 7 ) 56116 ) 29(10) 
:5- lO44(16) 493 ( 1 ) 136 ( . ) 711 7 ) 411 S) 29(10) 
7- 8691 7 ) 495( 1 ) 7 a ( . ) .9 (1(1) 01 0) o I 0) 
l! - S19:{!1) ~ 9 5 ( .. :as( 7 ) 9:< I . ) 29 I ~ 0) o I 0) ., 
14- 761(14) S3S f 1 ) (I I I) (I ( (I) 01 0) o ( 0) 
17- 986(17) 5S8( 2 ) 5151 1 ) (I I I» 01 IJ) 01 0) 
18- 979(18) 5S8( 2 ) 515{ 1 ) O( (I) 01 0) 01 0) 
!o- 89,1!0) ~9S{ 1 ) 92 ( 2 ) 63 I 7 ) 01 a) 01 0) 
s- 884( 8) ,197 I 1 ) 459( 7 ) 245 I 3 ) .9(10) 01 0) 
-,,- 8S711.) oi S7 ( 1 ) 4:'9 ( 7 ) 24S{ 3 ) 2 S' (10) 01 0) 
'c_ 1012(15) ~9'S( 1 ) :; SS (: E) 73f 7) S~ ( 2 : 41 ( c, ~ , 
4 - 91~1 , ) 4 S 3 I 1) 7lC 71 641 :; 1 41 I 5 ) 29110 ) 
6- 86,1 6 ) 497 I 1 ) :j i7 '( - 7 ) 3 E· 3 ( : ) 29(10) 01 0) 
2~- 1(124(!S) 7 (! ~ ( - . -493 ( 1 ) 6J I 7) 37 DO) o ( 0) < , 
.0- 883110) 6401:;(1) 497 ( 1 ) III ( 7 ) 781 21 01 0)' 
----------------------------------------------------------------------
Table 5.38 Passenger optimisation results of case sludy-2; pas. factor=3.052 
cost optirnization between city 1 and otller cities 
cost factor- ,25 
*****Al****A"'***************************************************** 
TII/lI,E .: SUMMIIRY OF TilE 1I0MIIIIUM PREDICTIONS 
RF:SUL'fS OF CIISE STUDY NO 3 (ONLY 0 CITIES 1992) 
----------------------------------------------------------------------
CITY TO'fll I, 
"1000" 
FLOW 
NO, TRIPS 
"1000" 
.GENERlITI':D 
'fOTIIL 
"lEG" . 
COST 
DIIIMETER 
---------------~------------------------------------------------------
1 - 1'ehran (TIIR) 2164 306 7766 2 
2- Isfahan ( IfN) 2164 306 7766 2 
3- Shtraz (SYZ) 2164 386 7766 2 
4- Ma.had (HIID) 2164 306 7766 2 
5- Zahdan (ZIIII) 2164 306 7766 2 
6- Chabaha r ( ZllR) 2164 306 7766 2 
7- Oilnda cohbas (DND) 2164 450 8230 3 
0- l3andaclengeh (IlDII ) 2164 . . , 50 9990 3· 
----------------------------------------------------------------------
Main-lIub (City) rHni-lIubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------~-----------------------
1- 2550( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 2550( 1 ) o ( 0) o ( 0') o ( 0) o ( 0) o ( 0) 
3- 2550( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 2550( 1 ) o ( 0) o ( 0) . o ( 0) o ( 0) o ( 0) 
5- 2550 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
6- 2550( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
7- 1265 ( 1) 274( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 1265 ( 1) 420( 8) o ( 0) o ( 0) o ( 0) o ( 0) 
Table 5,42 . Cost optimisntion results or case study-3; cost raclor=O.25 
N 
V> 
-I>-
cost optimization between city 1 and other cities 
cost factor'" .5 
.***'*~****~k***'*"."""**"*" •• '*****'****'***'** *.*.**** •• **** 
'rA Il I.!': ... : SUMMARY Or;- TilE HOMAHUH. PREDICTIONS 
RESULTS or CASE STUDY NO 3 (ONLY 0 C1TIES 1992) 
--------------------------- _________________________________ w ________ _ 
) TOTAl, 
"1000" 
FLOW 
NO, 'rRIPS 
"1000 1i 
GENERATED 
TOTAL 
"l.E6 n 
COST 
DIAMETER 
----------------------------------------------------------------------
J-
4-
2-
6-
J-
0-
7-
5-
'rela ran ('I'IIR) 
Ma,had . (MilD) 
Isfahan (l["N) 
Chabaha r (ZBH) 
Shl raz (SYZ) 
nandal:lcngch (IJI)II ) 
Bandarabbas (ONO) 
Zahdan (ZAII) 
Main-Hub. (City) 
Flow 
2164 
2164 
2164 
2164 
2164 
2164 
2164 
2164 
a 
306 16556 2 
5" 0 10692 3 
922 21004 3 
1002 23140 4 
1032 23924 3 
1302 24176' 4 
1000 24944 3 
1146 27004 3 
Mini-Ilubs Flow (Cities) 
b c cl e 
----------------------------------------------------------------------
1- 2550 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 1261 ( 1 ) 557 ( 4 ) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 1245 ( 1 ) 793( 2) o ( 0) o ( 0) o ( 0) o ( 0) 
6- 1203 ( 1 ) 653 ( 6) 274( 7 ) o ( 0) o ( 0) o ( 0) 
3- 1133( 1 ) 1086( 31 o ( 0) o ( 0) o ( 0) o ( 0) 
0- 1 J 63 ( 1 ) 994 ( 0) 272 ( 7 ) o ( 0) o ( 0) o ( 0) 
7- 1125 ( 1 ) 1036( 7 ) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 1234( 5) 1207 ( 1 ) o ( 0) o i 0) o ( 0) o ( 0) 
--------------------------------------~---------------------------
Tnble S.43 Cost optimisntionreslllts of case stlldy-3j cost factor=O.S 
cost optimization between city 1 and other cities 
cost factor- .75 
* •• *.**************.*****.*****.*~*******.**********~* ************** 
TABLE .• : SUMMARY OF TilE 1I0MAHUM PREDICTIONS 
RESULTS OF CASE STUDY NO 3(ONLY 8 CITIES 1992) 
---------------------------~-------------~----------------~---~-------
CITY TO'flll, 
"1000" 
FJ.OW 
NO. TRIPS 
"1000" 
GENERATED 
TOTAL 
"lE6'! 
DIIIMETER 
-~--------------------------------------------------------------------
1- .Tehran (TIIR) 2164 306 25346 2 
2- Isfahan (IFN) 2164 1716 39422 3 
3- Shiraz (SYZ) 2164 1562 41232 4 
5- Zahdan (ZlIfJ) 2164 1752 41876 4 
0- Dandar1engeh (BOil) 2164 2132 47046 4 
7- Bandarabba.s (BND) 2164 1780 49376 2 
4- Hashad (MilD) 2164 1504 50376 . 3 
6- Chabahar (ZDR) 2164 3110 57744 4 
-----------------------------------------------------~----------------
MaIn-Hub (City) Mlni-lIub.s Flow (Cities) 
rlow a b c d e 
----------------------------------------------------------------------
1- 2550( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 1047( 2) 905 ( 1) o ( 0) o ( 0) O( 0) o ( 0) 
3- 1710 ( 3) 959( 1) 272( 7) o ( 0) o ( 0) o ( 0) 
5- 1614 ( 5) 1051( 1) 274 ( 7) o ( 0) o ( 0) o ( 0) 
S- 1768 ( 0) 1035( 1) 456( 7) o ( 0) o ( 0) o ( 0) 
1- 3944 ( 1) o ( 0) o ( 0) o ( 0) o (, 0) Ot 0) 
4- 17 a1 ( 4) 1a2( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
6- 1707 ( 6) 1035( 1) S10( 5) 792( 7) o ( 0) o ( 0) 
---------~-----------------------------------------------------~------
"1 544 Cost olltimisnt.ion resu\(s of cnse s(\I{Jy-3; cost faclor=0.75 Tau e •. 
C03t optilnization between city 1 and alller cities 
C08t factor~ 1,"0 
'r1l1Jl.E J: SUMMIIRY 0, 'filE: IIOMIIIIUM PREDICTIONS 
HE:SULTS 0, CIISE: STUDY NO 3 (ONLY ~ CITIES 1992) 
--------------~-- __________________________ w __________ _______________ _ 
CI'fY TOT Ill. 
"1000" 
now 
NO. 'fRIPS 
"1000" 
GE:NEflIITE:D 
'fOTIIL 
II1E6" 
COST 
DIIIME:TER 
----------------------------------------------------------------------
1- Tehran (TIIR) 2164 J06 35186 2 
2- Isfahan (I,N) 2164 1020 45246 4 
J- Shiraz (SYZ) 2164 1790 50340 3 
7- Bandarabbas (ONO) 2164 1700 56400 2 
5- Zahdan (ZIIII) 2164 2464 56976 3 
4- Mashad (MilD) 2164 1504 57400 3 
0- Banda t"lengeh (0011 ) 2164 2600 61070 4 
6- Chabahar (ZBR) 2164 3610 75648 4 
t1ain-lIub (City) Mini-Uubs Flow (Cities) 
Flow a h c d e 
----------------------------------------------------------------------
1- 2550( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 1099( 2) ·366 ( 3) 272 ( 7) o ( 0) o ( 0) o ( 0) 
3- 1024 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
7- 3944 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 1970 ( 5) 792 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 17 07 ( 4) 102 ( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 2046( 0) 722 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) 
6- 1961( 6) 1192 ( 7) 010 ( 5) o ( 0) o ( 0) .0 ( 0) 
________ ~--w---------------------------------------------------------
Tablc 5.45 Cost oplimisation "csults of case study-3; cost factor=1.0 
N 
.g: 
cont optilnization between city I and olller cities 
COBt factor Q 1.0 
T/lnI,E: J! SUMMIIRY Of' TilE 1I0MlIIIUM PREDICTIONS 
IIE:SUL'J'S Of' CJ\SE STUDY NO 3 (ONLY ~ CITIES 1992) 
----------------------------------------------------------------------
CI'rY 'rOTAl, 
"1000" 
f'LOW 
NO. TRIPS 
"1000" 
GENEMTEO 
TOTJ\L 
"IE6" 
COST 
OIJ\METER 
----------------------------------------------------------------------
1- Tehran (TIIR) 2164 306 35186 2 
2- Isfahan ( IFN) 2164 1020 45246 4 
3- Shiraz (SYZ) 2164 1790 50340 3 
7- Bandarabbas (ONO) 2164 1700 56400 2 
5- Zahdan (ZJ\II) 2164 2464 56976 3 
4- Mashad (MilD) 2164 1504 57480 3 
0- Banda rlengeh (BOil ) 2164 2600 61070 4 
6- Chabaha r (ZBR) 2164 3610 75648 4 
----------------------------------------------------------------------
l1ain-lIub (City) l1ini-llubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 2550( 1) o ( 0) o ( 0) o ( 0) o ( 0) o (. 0) 
2- 1099 ( 2) . 366 ( 3) 272 ( 7) o ( 0) o ( 0) o ( 0) 
3- 1024 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
7- 3944 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 1970 ( 5) 792 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 1707 ( 4 ) 102( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 2046( 0) 722 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) 
6- 1961( 6) 1192 ( 7) 010 ( 5) o ( 0) o ( 0) .0 ( 0) 
------------------------------------------------------------------
Table 5.45 Cost optimisatioIl results of case stlldy-3; cost factor=l.O 
cost upt.i,mizatlon between city 1 and other cities 
cost factor=- 1.5 
A'~AAAA.A~A'4".k ••••• **.*'.""*.' •• *.*'.' •• * ••••• '" •••••••••••••• 
TIIIlLE: : SUMMARY Of" TilE: HOMIlf!UM rREDICTIONS 
RESULTS Of" CASE STUDY NO 3(DNLY 0 CITIES 1992) 
----------------------------------------------------------------------
CITY. 'CO']' 11 I, NO, 'CI\IPS TOTAl" DIilMETE:R 
"1000" 111000" 111£6" 
f"LOW GENr::RII'j'ED COST 
----------------------------------------------------------------------" 
1- 'reh ran (TIIR) 2164 306 51142 2 
2- Isfahan (I,N) 2164 1020 52350 4 
J- Shira7. (SYZ) 2164 1790 61000 3 
5- Zahdan (ZIIII) 2164 2164 69422 3 
4- Nashad (MilD) 2164 1504 69934 3 
7- Dandarabb"'3 (BND) 2164 1700 70712 2 
0- Bandarlengeh ( BDII) 2164 2600 76094 4 
6- Chabahar ( ZOR) 2164 3610 91650 4 
----------------------------------------------------------------------
~la in-Hub (City) Mini-lIubs Flow (Cities) 
,low a b c d e 
----------------------------------------------------------------------
1- 2550( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 1099( 2) 366( 3) 272 ( 7) o ( 0) o ( 0) o ( 0) 
3- 1024 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 1970 ( 5) 792 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
~- 1707 ( ~ ) ,102 ( 5) o ( 0) o ( 0) o ( 0) o ( 0) , 
7- 3944 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 2046( 0) '122 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) 
6- 1961 ( 6) 1192 ( 7) 010( 5) o ( 0) o ( 0) o ( 0) 
----------------------------------------------------------------------
Table 5.46 Cost oplimisntioll results of case stlldy-3j cost fnctor=1.5 
N 
lA 
00 
cost optimization bet~een city 1 ~nd other. cities 
co.t: factor= 2,0 
.** ••• * •••• ** •••••••• *.******* •••• * ••••••• ** •••• ** •••• * •••• *** •• **** 
CITY 
TIIIlLE ': SUHMIIIW OF TilE UOMAIIUM PREDICTIONS 
RESUI.TS OF CASE STUD'{ NO 3 (ONLY 8 CITIES 1992) 
TOTIIL 
u1000" 
now 
NO, TRIPS 
"1000" 
G£NERIITED 
TOTIIL 
"1E6 11 
, COST 
DIAMETER 
----------------------------------------------------------------------
2- Isfahan (IFN) 2164 1020 61240 4 
1- Tehran (TUR), 2164 386 70372 2 
3- Shiraz (SYZ) 2164 1790 73454 3 
5- Zahdan (ZIIIl ) 2164 2464 03616 3 
4- Ma.had (MUD) 2164 1504 04150 3 
7- l3and!,rabbas (IlNO) 216'4 1'100 04936 2 
0- Bandarlengeh (BDH) 2161 2600 90310 4 
6- Chabahar (ZBR) 2164 3618 109430 4 
----------------------------------------------------------------------
Main-Hub (City) Hini-flubs Flow (Citie.) 
Flow a b c d e 
----------------------------------------------------------------------
2- 1099( 2) 366( 3) 272'( 7) o ( 0) o ( 0) o ( 0) 
1- 2550 ( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
3- 1024 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 1,970 ( 5) 7,92 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 1707 ( 4) 182( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
7- 3944 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 2016 ( 8) 722( 3) 456( 7) o ( 0) o ( 0) o ( 0) 
6- 1961 ( 6) 1192 ( 7) BI0( 5) o ( 0) o ( 0) o ( 0) 
------~---------------------------------------------------------------
Table 5.47 Cost optimisation results of case struly-3j cost factor-2.0 
cost optimization between city 1 and other cities 
cost factor."'"' 2.5 
TIIBLE : SUMMIIRY OE' THE HOMIIHUM PREDICTIONS 
RESULTS OE' CASE STUDY NO 3 (ONLY 8 CI'rIES 1992) 
---------------------------------------------------------~------------
CITY TOTIIL 
"1000" 
E'LOW 
NO, TRIPS 
"1000" 
GENERIITED 
TOTAL 
"lE6" 
COST 
DIAMETER 
----------------------------------------------------------------------
2-
1-
7-
)-
5-
6-
4-
0-
Isfahan (IE'N) 
Tehran (THR) 
l3andarabbas (DND) 
Shiraz (SYZ) 
Zahdan (ZIIII) 
Chabahar (ZBR) 
Mashad (MilD) 
Bandarlengeh (BOil ) 
Main-Hub (City.) 
Flow 
2164 
2164 
2164 
2164 
2164 
2164 
2164 
2164 
1820 68360 
974 00692 
2942 03424 
1790 04122 
)626 04520 
449B 94712 
1504 96604 
2600 104542 
Hini-Ilubs E'low (Cities) 
bed 
4 
4 
3 
3 
4 
5 
3 
4 
e 
----------------------------------------------------------------------
7.- 1099( 2) 366( 3) 272 ( 7) o ( 0) o ( 0) o ( 0) 
1- 1191 ( 1 ) 019( 2) 272 ( 7) o ( 0) o ( 0) o ( 0) 
7- 1697 ( 2) 1664( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
3- 1024 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 1697 ( 2) 1662 ( 5) 792 ( 7) o ( 0) o ( 0) o ( 0) 
6- 1697 ( 2) 1632 ( 7) 931 ( 6) 010( 5) o ( 0) o ( 0) 
4- 17 87 ( 4 ) 182 ( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 2046 ( 0) 722 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) 
----------------------------------------------------------------------
Table 5.48 Cost optimisatioll reslIHs of case stlldy-J; cost fllctor=2,5 
cost optimization between city 1 and other cities 
cost factor- 3.0 
~**A.*******.******'***********'***********'********~* •••••••••••••• 
TIIBLE ': SUMMIIRY OE" TilE 1I0MIIIIUM PREDICTIONS 
RESULTS OE" CIISE: .STUDY NO 3 (ONLY B CI"fIES 1992) 
--------------------------------------------~-------------------------
CITY TO'rlll, NO. 'l'lUPS TOTII'L 01 AME:'fE:R 
"1000" "1000" IIIE6" 
E"LOW dr.NERIITED COST· 
----------------------------------------------------------------------
1- Tehran (TIIR) 216~ 1020 77250 4 
2- Isfahiln ( IFN) 216~ 1020 77250 4 
3- Shira7. (SYZ) 216~ 2952 06052 4 
"/- Oandarabbas (ONO) 2164 2942 92314 3 
5- Zahdan (ZAII) 2164 3626 93H8 4 
8- Danda rlengeh (0011) 2164 4144 95~00 5 
~- Mashad (MilD) 2164 2666 98578 4 
6- Chabahar (ZBR) 216~ 4498 103602 5 
-----------------------~---------------------------~------------------
Main-Hub (City) 
now a 
Mini-Hubs Flow (Cities) 
bed e 
----------------------------------------------------------------------
1- 1099( 2) 366( 3) 272 I 01) o ( 0) o ( 0) o ( 0) 
2- 1099 I 2) 366( 3) 272 ( °1 ) o ( 0) o ( 0) o I 0) 
3- 1697 ( 2) 15l6( 3) 456( 7) o ( 0) o I 0) OC 0) 
7- 1697 I 2) IG6~ I 1) 01 0) 01 0) o I 0) o I 0) 
5- 1697 I 2) 1662 I 5) 192( 7) 01 0) 01 0) 01 0) 
8- 1697 I 2) 14 50 I 3) 130~1 0) ~561 7) 01 0) o I 0) 
~- 1697 I 2) 147 9 ( ~ ) 1021 5) 01 0) o ( 0) 01 0) 
6- 1697 I 2) 1632 ( 7) 9311 6) 810 I 5) 01 0) 01 0) 
--------------------------------------------------------------------~-
Table 5.49 Cost o(llilllisatioJl reslIlis of case stIHJy-3j cost faclor=3.0 
IV 
a-
passenger optimizatiorl between city 1 and other cities 
pa3senger factor- .25 
*********************************************************.*** •• ***** 
TII[JLI': '; SUMMIIRY OF Till': 1I0MlIIIUM PRI':DICTIONS 
RI':SULTS OF ClISE S1'UDY NO.3 
----------------------------------------------------------------------
cn"{ 
1- Tehr;\n 
2- Isfahan 
3- Shlraz 
7- BandarablJas 
5- ZahdAn 
4- Mashad 
0- Bandarlenqeh 
6- Chabahar 
('ruR) 
(IFN) 
(SYZ) 
(ONO) 
(ZIIII) 
(MilD) 
(!lDII) 
( Z!lR) 
TOT Ill, 
"1000" 
FLON 
824 
024 
1124 
024 
824 
024 
024 
024 
NO. TRIPS 
"1000" 
GI':NERIITED 
386 
6S0 
628 
636 
804 
540 
990 
1322 
TOTIIL 
"1E6" 
COST 
16844 
17530 
10220 
20054 
20170 
21930 
22002 
26420 
DIAMETER 
2 
4 
3 
2 
3 
3 
4 
4 
----------------------------------------------------------------------
Main-lIub (City) • Mini-lIubs Flow (Cities) 
!"low a b c d e 
-------------~--------------------------------------------------------
1- 1210 ( 1 ) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 675 ( 2) 101 ( 3) 134 ( 7) o ( 0) o ( 0) o ( 0) 
)- 647 ( 3) 210( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
7- 1460( 7) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 604 ( 5) ,346 ( 7) . 0 ( 0) O( 0) o ( 0) o ( 0) 
4- 655 ( 4) BB ( 5) o ( 0) o ( 0) o ( 0) . 0 ( 0) 
0- 717 ( 0) 327 ( 3) 210 ( 7) o ( 0) o ( 0) o ( 0) 
6- 6B( 6) 514( 7) 340( 5) o ( 0) o ( 0) o ( 0) 
-----~----------------------------------------------------------------
fablc 5.50 !'asscngcr optimisntion resnlts of case study-3j pns. fnctor-=0.25 
pRssenger optimization between city 1 and 'other cities 
pa5~enger factor- .5 
'" '" '" '" " '" " '" '" '" " " * " iI * ........ ", '" ", " " " ",,, ", ... " ", * ", " * ", .,.. * ... * ", " " " " ...... * .,.. ..... * " ", " .. " " " .. * " " *' ..... 
1'MILE: . : SUHMIII\Y OF TilE: 1I0MIIIIUM PRE:DICTIONS 
RE:SULTS OF CIISE: STUDY NO.3 
----------------------------------------------------------------------
CI'rv TOTIIL 
111000 11 
FLOW 
NO. TRIPS 
111000 11 
GE:NEI\IITE:D 
TOTIIL 
"186 11 
COST 
DIIIME:TE:R 
------------------------------~---------------------------------------
1- Teh ran (TIIR) 1217. 306 22958 2 
2- Isfahan ( IFN) 1212 1042 26772 4 
3- Shiraz (SYZ) 1212 1018 28928 3 
7- Bandarabbas (IlNO) 1272 1018 32200 2 
5- Zahdan (ZIIII) 1272 1412 32440 3 
4- Ma3hnd (~1110 ) 1272 864 33784 3 
8- Ilandar1engeh (IlOII) 1272 1558 35292 4 
6- Chabahar (ZBR) 1272 2068 42636 4 
-- --- - - - - - -- - - - - - - - -- - - -- - - -- - - - ---"- - --- - -- - - - - - - -- ---- ------ - - ---- ---
Main-lIub (City) Mini-Hubs Flow (Cities) 
Flow a b c d e 
passenger optimization between city 1 and other cities 
'fllOLE 
passenger factor a ,.75 
: SUMMIIRY OF 'filE IIOMIIIIUM PREDICTIONS 
nESUL'fS OF ellSE STUDY NO, 3 
----------------------------------------------------------------------
CITY TOTAf., NO, 'fnIPS 
111000.1 ' "1000" 
FLOW GENEllIITED 
TOTJiL 
1I1E6" 
COST 
DIIIMETER 
----------------------------------------------------------------------
1- 'fehran ( Tlln) 1 '112 306 29060 2 
2- Is fahan (IFN) 1 '112 1424 . 36004 4 
3- Shiraz (SYZ) 1 '112 1390 39630 3 
1- Bandarabbas (BND) 1712 1394 44340 ·2 
5- Zahdan (ZIIII) 1 '112 1930 44704 3 
4- Mashad (MHO) 1 '112 1170 45632 3 
0- 8andarlengeh (DOll) 1712 2116 48500 4 . 
6- Chabahar ( Zen) 1712 2044 59230 4 
----------------------------------------------------------~-----------
Main-lIub (Cl ty) Mini-Hubs Flow (Cities) 
Flow a b c d e 
passenger oI?timization between city 1 and other citie"s 
passenger factor~ 1.0 
'~'A'**'*'*""****'*'**"'***'*'**'*'*******'*"**'** .**,.,* •• ** ••• 
'fIlDLE: 
CITY 
1- 1'eh riln 
2- Isfahan 
.1- Shiraz 
'/- Banda rabbi\s 
5- Zahdan 
4- Mashad 
0- Oandariengeh 
6- Chabahar 
. : SUHMIIRY OF TilE: 1I0MIIIIUM PRE:DICTIONS 
RE:SULTS OF CIISE STUDY NO.3 
. (TIIR) 
(IFN) 
(SYZ) 
(flNO) 
(ZAII) 
(~II\O) 
(0011) 
(ZBR) 
TO'fIlL 
"1000" 
FLOW 
2164 
2164 
2164 
2164 
2164 
2164 
2164 
2164 
NO. TIUPS 
111000" 
GENERlI'fEO 
306 
1020 
1190 
1"100 
2464 
1504 
2600 
3610 
TOTIIL 
"lE6"1 
COST 
35106 
. 45246 
50340 
56400 
56976 
57400 
61070 
75640 
OIIIMETER 
2 
4 
3 
2 
3 
3 
4 
4 
----------------------------------------------------------------------
Main-Hub (City) Mini-Hubs ~low (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 2550 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 1899 ( 2) 366( 3). 272 ( 7) o ( 0) o ( 0) o ( 0) 
3- 1824 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
'/- 3944 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 1970 ( 5) 792( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 1707 ( 4) 102 ( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 2046( 0) 722 ( 3) 456( 7) o ( 0) o ( 0) o ( 0) 
6- 1961 ( 6) 119i!( 7) 010 ( 5) o ( 0) o ( 0) o ( 0) 
-----------------~----------------------------------------------------
Taille 5.53 Passenger optimisatioJll'csulls of case shllly-3j pas. factor=1.0 
passenger optimization between city 1 and.other cities 
passenger factor- 1.5 
A**.* •••• ****.~ •••• *** •• * •• ****.**** ••• **** •• *.**.**** •••••••••••••• 
TllaLI!:, ': SUMMARY OF THE: 1I0MIIIIUM PRE:DICTIONS 
RE:SULTS OF CIISE: STUDY.NO.3 
----------------------------------------------------------------------
CITY ~'OTIIL 
"1000" 
FLOW 
NO. TRIPS 
"1000" 
GE:NE:RIITE:D 
TOTIIL 
"lE6" 
COST 
DIIIME:TER 
----------------------------------------------------------------------
1- Tehran (TIIR) 3050 386 47400 2 
2- IsEahan (IFN) 3050 2592 63718 4 
J- Shiraz (SYZ) 3050 2556 71746 3 
7- Dandarabbas (BND) 3050 2536 00774 2 
4- Mashad (MilD) 3050 2140 01100 3 
5- Zahdan (ZIIII) 3050 3510 01500 3 
0- Dandarlengeh (0011) 3050 3010 00440 4 
6- Chabahar (ZBR) 3050 5130 100450 4 
----------------------------------------------------------------------
Main-Hub (City) Mini-lIubs Flow (Cities) 
Flow a b c d e 
----------------------------------------------------------------------
1- 3436 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 2700( 2) 400 ( 3) 363 ( 7) o ( 0) o ( 0) o ( 0) 
3- 2602 ( 3) 617 ( 7) o ( 0) o ( 0) o ( 0) 0.( 0) 
7- 5506( 7) o ( 0) o ( 0) 0'( 0) o ( 0) o ( 0) 
4- 2535( 4) 243 ( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 2821( 5) 1007 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 2925 ( 0) 984( 3) 617 ( 7) o ( 0) o ( 0) o ( 0) 
6- 2034 ( 6) 1641( 7) 1121 ( 5) o ( 0) o ( 0) o ( 0) 
----------------------------------------------------------------------
Tnblc 5.54 Pnsscngel' oplimisation results of case study-Jj pas.,fnctor=1.5 
passenger optimization between city 1 and other cities 
passenger factor- 2.0 
,~, •••••• ****** •• **.*********** •••••• ~*.* •• *.*.*.~*** • ••••••••.•••••• 
TABLE ':: SUMMARY OF' TII E 1I0MAIIUM PREDIC'fIONS 
RESULTS OF' CASE STUDY NO.3 
----------------------------------------------------------------------
CI'fY TOTAL 
"1000" 
FLOW 
NO. 'rRIPS 
"1000". 
GENE:RilTE:D 
TOTAL 
"lE6" 
COST 
DlilME:TE:R 
----------------------------------------------------------------------
1- Tehran (TIlR) 3942 306 59636 2 
2- Isfahan (IFN) 3942 3370 82192 4 
3- .Shiraz (Sn) 3942 ·3320 93158 3 
4- Mashad (MilD) 3942 2700 104892 3 
7- Bandarabbas (OND) 3942 3290 105062 2 
5- Zahdan (ZAII) 3942 1562 106044 3 
0- nandarlengeh (BDII) 3912 1910 115026 4 
6- Chabahar (ZIlR) 3942 6660 111270 4 
----------------------------------------------------~- ----------------
Main-Hub (City) Mini-Hubs F'low (Cities) 
F'low a b c d e 
----------------------------------------------------------------------
1- 020 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 3523 ( 2) .Glll 3) 454( 7) o ( 0) o ( 0) o ( 0) 
3-· 3305 ( 3) 700( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 3280 ( 4) 305( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
7- 7240 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 3677 ( 5) 1384 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 3810 ( 0) 1247( 3) 700( 7) o ( 0) o ( 0) o ( 0) 
6- 3713( 6) 2092 ( 7) 1435 ( 51 o ( 0) o ( 0) o ( 0) 
---------------------------------------------------------------------
Tnlllc 5.55 PnssclIgcr oplimisalioll rcsults of CfiSC sludy-3j pns. fnclor=2.0 
T JlBLE:35G: SUMMARY OF 'filE: 1I0MJlIIUM PREDIC'rIONS, 
RE:SULTS OF CJlSE STUDY NO.3 
----------------------------------------------------------------------
CITY TOTJlL NO. TRIPS TOTAL DIAMETER 
"1000" "1000" "lEG" 
FLOW GENERATED COST 
----------------------------------------------------------------------
1- Tehran ('ruR) 
2- Isfahan (IFN) 
3- Shiraz (SYZ) 
4- Mashad (MilD) 
1- Bandarabbas (BND) 
5- Zahdan (ZJlII) 
0- Bandarlengeh (BOil) 
6- Chabahar (ZBR) 
Main-lIub (City) 
Flow 
4020 
4020 
4020 
4020 
4020 
4020 
4020 
4020 
a 
-. 
306 71858 
4142 100664 
4094 114564 
3416 128592 
4054 129348 
5608 130516 
6062 141604 
0180 114080 . 
Mini-liubs Flow (Cities) 
bed 
2 
4 
3 
3 
2 
3 
4 
4 
e 
---------------------------------------------~------------------------
1- 5214 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
2- 4332 ( 2) 133( 3) 545( 1) o ( 0) o ( 0) O( 0) 
3- 4163 ( 3) 941( 1) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 4036( 4) 366( 5) o ( 0) o ( 0) o ( 0) O( 0) 
1- 0002( 1) o ( 0) o ( 0) o ( 0) o ( 0). o ( 0) 
5- 4528( 5) 1619 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) . 
0- 4609( 0) 1509( 3) 941( 1) o ( 0) o ( 0) o ( 0) 
6- 4506( 6) 2541( 1) 1146 ( 5) o ( 0) o ( 0) O( 0) 
----------~-------------------------------------------------------.-:---
Tablc 5.56 Passcngcl' optimisatioll resulls of casc slu!.ly-Jj .pas; factor=2.5 
IV 
a-
00 
passerlger optimization between city 1 and otller cities 
passenger factor- 3.0 
* •• *~*******.*.*********************************** •••• tr**4*** •• **Ir** 
TIIBLE. ; SUMMIIRY OF ')'IIE: HOMIlIIUH ~RE:DIC'fIONS 
RE:SULTS OE" CIISE: STUDY.NO.3 
'-----------------------------------~--------------~-- -----------------
CITY TOTIIL· NO. TRI~S 
"1000" 
E"LOW 
"1000" 
GE:NE:RIITE:D 
TOTIIL 
"'lE6" 
COST 
DIAMI>TE:R 
----------------------------------------------------------------------
1- Tehran (TIIR) 5720 306 04006 2 
2- Is fahan ( IE"N) 5720 4920 119130 4 
3- Shiraz (SYZ) 5720 4066 135976 3 
4- Mashad (MIlD) 5720 4056 152296 3 
7- Bandarabbas (BNO) 5720 401G 153636 2 
5- Zahdan (Zlill) 5720 6660 155112 3 
0- Bandarlengeh (BOil) 5720 7192 160102 4 
6- Chabahar (ZBR) 5720 9710 206892 4 
---------------------------------------------------------~------------
Main-Hub (City) 
Flow a 
Mini-lIubs E"low (Cities) 
bed e 
----------------------------------------------------------------------
1- 6106 ( 1) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0). 
2- 5147 ( 2) 056( 3) 636( 7) ·0 ( 0) o ( 0) o ( 0) 
3- 4946( 3) 1104 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
4- 4789 ( 4 ) 420( 5) o ( 0) o ( 0) o ( 0) o ( 0) 
7- 10536 ( 7) o ( 0) o ( 0) o ( 0) o ( 0) o ( 0) 
5- 5304 ( 5) 1976( 7) o ( 0) o ( 0) o ( 0) o ( 0) 
0- 5574 ( 0) 1772 ( 3) 1104 ( 7) o ( 0) . 0 ( 0) o ( 0) 
6- 5465 ( 6) . 2992 ( 7) 2060 ( 5) o ( 0) o ( 0) o ( 0) 
----------------------------------------------------------------------
Table 5.57 Passenger optilllisnlion results or case sludy-3; p~s. ractor=3.0 
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269 
APPENDIX 2 
LIST OF HOMA HUB PROGRAME 
PROGRAM HOMA HUB 
common/grO/xmms,ymms 
common/grlliflag,iseg,n 
common/gr9/itab,iplt,jex,copt 
common/gr I Olzlab2,xtab 
character*70 zlab2,xtab 
character reply* I 
c************************************************************** 
iflag=O 
itab=O 
iplt=O 
iseg=I 
print*,' , 
print*,' I 
print*,' , 
Print*,' *************************************' 
Print*,' * HOMA HUB Version 31 *' 
Print*,' * 
Print*,' * 
Print*,' * 
Print*,' * 
Print*,' * 
Presented by A.R. A vazpour *, 
May 1994 *' 
Transport Technology Dept. 
Loughborough University 
Loughborough LEll 3TU 
*' 
*' 
*' 
Print*,' *************************************' 
print* ,t I 
print* ,f I 
c *************************************, 
c 
c 
latest edition 1st May 94 
*************************************' 
Print*,' *************************************' 
Print*,' Welcome to Homa Hub' 
Print*,' *************************************' 
print*,' , 
6 continue 
Print*,' *************************************' 
Print*,' are you ready? (y or n) 
270 
Print*,' *************************************' 
read(*,7,err=6)reply 
7 format(al) 
if(reply.eq.'n') then 
stop 
endif 
print*,' , 
Print*,' ***************************************' 
Print*,' please set the screen for graphic mode' 
Print*,' ***************************************' 
print*,' , 
call initscreen 
100 print*,' , 
print* " main menu' 
print*,' -----------------, 
print*,' O. exit' 
print*,' 1. run' 
print*,' 2. graphics' 
print*,' -----------------, 
read(5, * ,err= 100,end= 100) iop 
if(iop.lt.0.or.iop.gt.2) goto 100 
ifOop.eq.O) then 
print*,' I 
print* " exit program? (y or n)' 
read(*,7,err=100)reply 
if(reply.eq.'n') go tol00 
call rclose 
stop 
endif 
c 
goto (110,120) iop 
c 
11 0 call runpro 
goto 100 
120 call plot 
goto 100 
end 
c************************************************************** 
subroutine plot 
common /grll iflag,iseg,n 
character reply* 1 
10 print*,' , 
print*,' segment menu' 
print*,' ----------------' 
print*,' O. main menu' 
print*,' 1. create' 
print*,' 2. close' 
print*,' 3. display' 
print*,' 4. old unipict' 
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print*,' 5. clear screen' 
print*,' 6. plot graph' 
print*,' 7. plot table' 
read(S, * ,err=lO) iop 
if(iop.lt.0.or.iop.gt.7) goto 10 
if(iop.eq.O) return 
goto (90,200,300,400,500,600,700) iop 
90 if (iflag.eq.l) goto 150 
100 print*,' , 
print*,' enter segment number:' 
read(S, * ,err=100) iseg 
if(iseg.lt.1.or.iseg.gt.99) goto 100 
call gsegex(iseg,ians) 
if Cians.eq.l) then 
104 write(6,lOS) iseg 
105 format(l2x,'overwrite segment',i3,' ? (y or n)') 
read(S,'(al)',err=104) reply 
if (reply.eq.char(121).or.reply.eq.char(89» goto 106 
print*,' segment not open.' 
goto 10 
endif 
106 continue 
call gsegcrCiseg) 
call gdiagc('show') 
write(6,1l0) iseg 
110 format(1x,' segment',i3,' open') 
iflag=1 
goto 10 
150 print*,' , 
print*,' segment already open!' 
goto 10 
200 if (iflag.eq.O) goto 250 
call gsegcl(iseg) 
call gdiagc('show') 
write(6,21O) iseg 
210 format(lx,' segment',i3,' closed') 
iflag=O 
goto 10 
250 print*,' , 
print*,' no open segment!' 
goto 10 
300 print*,' , 
print*,' segment number?' 
read(S, * ,err=300) nrseg 
call gsegex(nrseg,ians) 
if(ians.eq.l) goto 320 
call gdiagc('show') 
print*,' illegal segment number!' 
goto 10 
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320 call gscamm 
call gsegwk(nrseg) 
call gdiagc('show') 
goto 10 
400 print*,' , 
print*,' are you sure? (y or n)' 
read(S,'(al)"err=400) reply 
if(reply .eq.char( 121 ).or.reply.eq.char(89» then 
call gsegwk(O) 
call gdiagc('show') 
endif 
goto 10 
SOO call gclear 
call gdiagc('show') 
goto 10 
600 call drawmap 
goto 10 
700 call table 
goto 10 
end 
c************************************************************** 
subroutine table 
dimension ifinal(20,3),iorder(20) 
c dimension zlab(30),ifinal(20,3) 
real ic 
integer floww 
commonltab Ilfloww(20,20) 
common/tab2/ihub( 1 0,3 ,20) 
integer diamter,sumt,sumf,suml,tmin,tmax,root 
commonlgrO/xmms,ymms 
common/grlliflag,iseg,n 
commonlgr2/ifly(200,20,20),sumt(20),suml(20),sumf(20) 
commonlgr3Itmin,imin,tmax,imax,kkf(20),diamter(20),root 
commonlgr4/width 
commonlgrS/ic(20,3),zcity(20),acity(20) 
commonlgr6/itrip(20) 
common/gr9/itab,iplt,jex,copt 
common/grl01zIab2,xtab 
character*70 zlab2,xtab 
character*22 zcity 
character acity*4 
OPEN(29,FILE='city2',ST A TUS='OLD') 
REWIND(29) 
do S i=l,n 
iorder(i)=i 
S continue 
6 format(a4) 
close(l4) 
do 228 ip=l,n 
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read(29 ,229)zcity(ip) 
228 continue 
229 format(1x,a22) 
c1ose(22) 
do 777 i=l,n 
ifinal(i,I)=i 
ifinal(i,2)=sumt(i) 
777 continue 
do 778 i=l,n 
do 778 j=i,n 
if(ifinal(i,2).le.ifinaIG,2» go to 778 
it=ifinal(i,2) 
in=ifinal(i, 1) 
ifinal(i,2)=ifinaIG,2) 
ifinal(i, l)=ifinaIG,l) 
ifinaIG,2)=it 
ifinaIG,I)=in 
778 continue 
write(IS,779) 
779 formate' SUMMARY OF THE HOMA HUB PREDICTIONS 
1 I' RESULTS OF CASE STUDY NO. " 
2 I '--------------------------------------------------------' , 
3 --------------
2 I' CITY TOTAL NO. TRIPS TOTAL', 
3 'DIAMETER' 
2 I' "1000" "1000" "IE6"', 
2 I' FLOW GENERATED COST', 
6 I ,--------------------------------------------------------', 
7 '--------------') 
do 780 i=l,n 
ii=ifinal(i,l) 
write( IS, 781 )zcity(ii ),suml (ii ),itrip(ii ),sumt(ii),diamter(ii) 
781 format(2x,a22,i7 ,3x,i7 ,6x,i7 ,9x,i 1) 
780 continue 
write(IS,879) 
879 f ormat(' --------------------------------------------------------' , 
7 '--------------') 
write(IS,979) 
979 formate 
2 3x,' Main-Hub (City)',ISx,' Mini-Hubs Flow (Cities)', 
2 13x,' Flow ',lha,lOx,lhb,lOx,lhc,lOx,lhd, 
2 lOx,lhe, 
6 I '--------------------------------------------------------', 
7 '--------------') 
do 980 i=l,n 
ii=ifinal(i,l) 
iii=ihub( 1, 1 ,ii) 
write( 15,981 )iorder(ii), 
1 (ihub(ix,3,ii ),ihub(ix, 1 ,ii),ix= 1 ,6) 
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981 forrnat( lx,i2,' -' ,6(1x,i6,'(' ,i2,')')) 
980 continue 
write(15,879) 
write(15,989)xtab 
989 forrnat(/,15x,a70) 
if(jex.eq.l) then 
do 230 ie=l,n 
, ..... 
write(79 ,231 )ie,copt,suml (ie ),i tri p(ie ),sumt(ie ),diamter(ie), 
1 (ihub(ix,3,ie ),ix=l,1 0) 
230 continue 
endif 
231 forrnat(i2,',',f5.2,',',3(i7 ,','),i 1,',',10(i 10,','» 
return 
end 
c************************************************************* 
subroutine runpro 
real ww(20,20),cc(20,20) 
integer sumt,sumf,tmin,tmax,suml 
INTEGER N,RM(20,20,20),CAS1(20,20),C(20,20), 
*CAS2(20,20),CASD,STEP(20,20),P ATH,L,LLl ,LCOUNT,CASMIN, 
*MORE,LP1,MCOUNT,E(20,20,20),K,ORl,DES,DEG,root, 
*SUM,DEGL1,diamter,TRANS(20),FLOWC(20,20), 
*imin,imax,itag(20,20), . 
*ROW,COL,ECOUNT,EDGES 
integer floww,mopt(20) 
commonltab lIfloww(20,20) 
commonltab2/ihub(10,3,20) 
commonlgrO/xmms,ymms 
commonlgrlliflag,iseg,n 
commonlgr2/ifly(200,20,20),sumt(20),sUlpl(20),sumf(20) 
commonlgr3/tmin,imin,tmax,imax,kkf(20),diamter(20),root 
commonlgr4/width i 
commonlgr5/ic(20,3),zcity(20),acity(20) 
common/gr6/itrip(20) 
commonl gr7/w(20,20) 
commonlgr9/itab,iplt,jex,copt 
c0mn1onlgr10/zlab2,xtab 
real ic 
character*70 zlab2,xtab 
character*22 zcity 
character*9 aex1 
character* 10 aex2 
character acity*4 
open(89,file='irand',status='old') 
open(90,fiJe='iranr') 
OPEN(79,FlLE='idfly',ST ATUS='OLD') 
open( 15,file='textpl ') 
REWIND(79) 
REWIND(89) 
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REWIND(90) 
print*,' I 
print*,' ***~*************************' 
print*,' please enter number of cities' 
print*,' $$$ Maximum is 20 $$$' 
print*,' *****************************' 
print*,' I 
read(* ,*)n 
print*,' I 
print*,' ******************************' 
print*,' please enter passenger factor ' 
p~nt*,' ****************~*******~****~' 
print*,' I 
read(*, *)xifl 
print*,' I 
print*,' *****************************' 
print*,' please enter cost factor' 
print*,' *****************************' 
print*,' , 
read(* , *)xif2 
print*,' I 
print*, t *****************************' 
print*,' please enter table lable' 
print*,' *****************************' 
print*,' , 
read(* ,989)xtab 
989 format(a70) 
itab=l 
print*,' *****************************' 
print*,' please enter map lable' 
print*,' *****************************' 
print*,' I 
read(* ,99)zlab2 
99 format(a70) 
iplt=1 
print*,'************************************' 
print*,' Please wait, reading from data file' 
print*,' ************************************' 
print*,' , 
DO 101=1,20 
READ(89,*) (WW(I,J),J=1,20) 
write(90,*) (WW(I,J),J=1,20) 
8 FORMAT(IOIS) 
lOCONTINUE 
D0201=1,20 
READ(89,*) (CCCI,J),J=1,20) 
write(90, *) (cc(I,J),J=1 ,20) 
20 CONTINUE 
DO 9 1=1,20 
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· DO 9 J=I,20 
W(I,J)=WW(l,J)*xifl 
C(I,J)=CC(I,J)*xif2 
9 CONTINUE 
print*,' I 
print*,' ***********************' 
print*,' Read has been sucessful ' 
print*,' ***********************' 
print*,' I 
print*,' ******************************' 
print*,' Please wait program is running' 
print*,' *******~~:**************~*****I 
print*,' , 
c __________________________________________________ ___ 
print*,' I 
print*,' **********************************, 
print*,' Do you want to do optimization' 
print*,' If yes please type 1 or 0 for no' 
print*,' **********************************' 
print*,' , 
read(* ,*)iopt 
if(iopt.eq.l )jex=1 
if(iopt.ne.l )jex=O 
if(iopt.eq.O) go to 569 
563 continue 
print*,' I 
print*,' **********************************' 
print*,' welcome to Homa Hub optimization' 
print* " 
print*,' enter 1 for cost optimization' 
print*,' enter 2 for passenger optimization' 
print*,' **********************************' 
print*,' I 
read(*, *)ioptz 
if(ioptz.eq.l) go to 561 
if(ioptz.eq.2) go to 562 
print*,' wrong data try it again' 
go to 563 
c~ ________________________________________________ ___ 
561 continue 
print*,' I 
print*,' **********************************' 
print*,' Homa Hub cost optimization' 
print*,' **********************************' 
print*,' , 
print*,' ************************************************' 
print*,' Please enter data file no. for Excell plotter' 
print*: ************************************************1 
read(*, *)iex 
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print*,' , 
OPEN( 69,FILE='dummy 1 ') 
rewind(69) . 
if(iex.ge.lO)then 
. write(69,232)iex 
232 forrnat(4hcost,i2,4h.csv) 
rewind(69) 
read(69,233)aex2 
233 forrnat(alO) 
OPEN(79,FILE=aex2) 
rewind(79) 
else 
write(69,234)iex 
rewind(69) 
read(69,235)aexl 
235 forrnat(a9) 
OPEN(79,FILE=aexl) 
rewind(79) 
234 forrnat(4hcost,il,4h.csv) 
endif· 
print*,' ______________ _ 
OPEN(29,FILE='city2' ,ST ATUS='OLD') 
REWIND(29) 
do 228 ip=l,n 
read(29 ,229)zcity(ip) 
228 continue 
229 format(lx,a22) 
cIose(29) 
do 937 ip=l,n 
write(* ,226)zcity(ip) 
226 formate lOx,a22) 
937 continue 
print*,' _________________ _ 
print*,' , 
print*,' enter 1 for city to city optimization' 
print*,' enter 2 for city to cities optimization' 
print*,' enter 3 for cities to cities optimization' 
print*,' _________________ _ 
read(*, *)ioptq 
if(ioptq.eq.l) then 
print*,' **********************************' 
print* " enter your city number first' 
print* " then follow by , 
print*,' destination city number' 
print*,' **********************************' 
print*,' , 
read(* , *)ioptl ,iopt2 
if(ioptl.gt.20.or.iopt2.gt.20) then 
print*,' wrong data try it again' 
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go to 561 
endif 
elseif(ioptq.eq.2) then 
541 print*,' ****************************, 
print*,' enter your city number' 
print*,' ****************************' 
print*,' I 
read(*, *)ioptl 
iopt2=O 
if(ioptl.gt.20) then 
print*,' wrong data try it again' 
go to 541 
endif 
elseif(ioptq.eq.3) then 
print*,' ****************************' 
print*,' enter number of cities' 
print*,' ****************************' 
print*,' I 
read(*, *)nopt 
do 258 iuu=l,nopt 
257 continue 
print*: ****************************' 
print*,' please enter ',iuu,' city number' 
print*,' ****************************' 
print*,' , 
read(*, *)mopt(iuu) 
if(mopt(iuu).gt.20) then 
print*,' wrong data try it again' 
go to 257 
endif 
258 continue 
else 
go to 561 
endif 
kopt=O 
777 continue 
if(ioptz.eq.2) go to 888 
kopt=kopt+l 
if(kopt.eq.l )copt=.25 
if(kopt.eq .2)copt=.5 
if(kopt.eq .3)copt=. 7 5 
. if(kopt.eqA)copt=l.O 
if(kopt.eq .5)copt=1.5 
if(kopt.eq.6)copt=2.0 
if(kopt.eq.7)copt=2.5 
if(kopt.eq.8)copt=3.0 ~. , 
print*,' ____________________ _ 
print*,' Run for cost factor of ' ,copt,' is started' 
print*,' ____________________ _ 
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print*,' I 
write(15,*)" 
write(15,*)" 
if(ioptq.eq.3) then 
write(15,*),**************************************************' 
1;******************' 
write(15,*)' cost optimization between ',nopt, 
l' cities' 
write(15, *)' cities=' ,(mopt(iyy),iyy=1 ,nopt) 
elseif(ioptq.eq.2) then 
write(15,*)" 
write(15,*)'*~*::C~***~*******~*******~*************************' 
""1"'******************' "" , " " . , 
write(15,*), cost optimization between city ',ioptl, 
l' and other cities' 
else 
write(15,*)" 
write(15,*)'**************************************************' 
1,'******************' 
write(15,*)' cost optimization between city ',ioptl, 
l' and city ',iopt2 
endif 
write(15,*), cost factor=',copt 
write(15,*)'**************************************************' 
1;******************' 
write(15,*)" 
DO 771 Jop=I,20 
DO 771 Jop=I,20 
if(ioptq.eq.l) then 
if(iop.ne.ioptl)go to 771 
if(jop.ne.iopt2)go to 771 
go to 767 
elseif(ioptq.eq.2) then 
if(iop.ne.ioptl)go to 771 
if(iopt2.eq.0)go to 767 
elseif(ioptq.eq.3) then 
do 735 ivv=l,nopt 
if(iop.eq.mopt(ivv))go to 705 
735 continue 
go to 771 
705 continue 
do 725 ivv=;,l,nopt 
if(jop.eq.mopt(ivv))go to 767 
725 continue 
go to 771 
endif 
767 continue 
print*,' city no. ',iap,' to city no. ',jop 
C(Jop,Jop)=CC(Jop,Jop)*xif2*copt 
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COop,iop )=C(Iop,J op) 
771 CONTINUE 
c __________________________________________________ ___ 
if(ioptz.eq.l) go to 569 
562 continue 
print*,' I 
print*,' **********************************' 
print*,' Homa Hub passenger optimization' 
print*,' **********************************, 
print*,' , 
print*,' ************************************************' 
... print*,' Please enter data file no., for ExceII plotter' 
print*,' ************************************************' 
read(*, *)iex 
print*,' I 
OPEN(69,FILE='dummyl') 
rewind(69) 
if(iex.ge.lO)then 
write(69,632)iex 
632 format(4hpass,i2,4h.csv) 
rewind(69) 
read(69 ,233 )aex2 
OPEN(79,FILE=aex2) 
rewind(79) 
else 
wri te( 69 ,634 )iex 
rewind(69) 
read( 69 ,235)aex 1 
OPEN(79 ,FILE=aexl) 
rewind(79) 
634 format(4hpass,il ,4h.csv) 
endif 
print*,' __________________________ _ 
OPEN(29,FILE='city2',ST ATUS='OLD') 
print*,' _________________________ _ 
OPEN(29,FILE='city2',sTATUS='OLD') . 
REWIND(29) 
do 938 ip=l,n 
read(29,229)zcity(ip) 
938 continue 
close(29) 
do 878ip=l,n 
write(* ,226)zdty(ip) 
878 continue 
print*,' __ ~ ______ ----, ________________ __ 
print*,'I 
print*,' enter 1 for city to city optimization' 
print*,' enter 2 for city to cities optimization' 
print*,' enter 3 for cities to cities optimization' 
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print*,' ___________________ _ 
read(* , *)ioptq 
if(ioptq.eq.l) then 
print*,' **********************************' 
print*,' enter your city number first' 
print* " then follow by , 
print*,' destination city number' 
print*,' **********************************' 
print*,' , 
read(*, *)ioptl,iopt2 
if(iopt1.gt.20.or.iopt2.gt.20) then 
print*,' wrong data try it again' 
go to 562 .. 
endif 
elseif(ioptq.eq.2) then 
542 print*,' ****************************' 
print*,' enter your city number' 
print*,' ****************************' 
print*,' , 
read(*, *)ioptl 
iopt2=O 
if(iopt1.gt.20) then 
print*,' wrong data try it again' 
go to 542 
endif 
elseif(ioptq.eq.3) then 
print*,' ****************************' 
print*,' enter number of cities' 
print*,' ****************************' 
print*,' , 
read(*, *)nopt 
do 238 iuu=l,nopt 
237 continue 
print*,' ****************************' 
print*,' please enter ',iuu,' city number' 
print*,' *******:********************' 
print*,11 
read(*, *)mopt(iuu) 
if(mopt(iuu).gt.20) then 
print*,' wrong data try it again' 
. go to 237 
endif 
238 continue 
else· 
go to 562 
endif 
kopt=O 
888 continue 
if(ioptz.eq.l) go to 569 
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kopt=kopt+ I 
if(kopt.eq.1 )copt=.2S 
if(kopt.eq.2)copt=.5 
. if(kopt.eq.3)copt=.7S 
if(kopt.eqA )copt=I.O 
if(kopt.eq .S)copt=I.S 
if(kopt.eq .6)copt=2. 0 
if(kopt.eq.7)copt=2.S 
if(kopt.eq .8)copt=3.0 
print*: ______________ ----,-_______ _ 
print*: Run for passenger factor of ',copt: is started' 
. print*: ~----:--~----,--__,_---___:,----------­
print*,' I 
write(IS,*)" 
write(IS,*)" 
if(ioptq.eq.3) then 
write(15,*)'**************************************************' 
1,'******************' 
write(lS,*)' passenger optimization between ',nopt, 
I' cities' 
write(IS, *)' cities=',(mopt(iyy),iyy=1 ,nopt) 
elseif(ioptq.eq.2) then 
write(IS, *)" 
write(15,*),**************************************************' 
1,'******************' 
write(IS,*), passenger optimization between city ',ioptl, 
I' and other cities' 
else 
write(IS, *)" 
write(15,*),**************************************************', 
1,'******************' 
write(IS,*)' passenger optimization between city', 
lioptl: and city' ,iopt2 
endif 
write( IS, *)' passenger factor:' ,copt 
write(IS,*),**************************************************' 
1,'****'****'*'*********' 
write(lS, *)" 
DO 881 Iop=I,20 
DO 881 Jop=I,20 
if(ioptq.eq.l) then 
if(iop.nejoptl)go to 881 
if(jop.nejopt2)go to 881 
go to 867 . 
elseif(ioptq.eq.2) then 
if(iop.nejoptl)go to 881 
if(iopt2.eq.O)go to 867 
elseif(ioptq.eq.3) then 
do 83S ivv=l,nopt 
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if(iop.eq.mopt(ivv»go to 805 
835 continue 
go to 881 
805 continue 
do 825 ivv=l,nopt 
if(jop.eq.mopt(ivv»go to 867 
825 continue 
go to 881 
endif 
867 continue 
print*,' city no. ',iop,' to city no. ',jop 
w(lop,Jop)=ww(Iop,Jop)*xifl *copt 
.. w(jop,iop)';w(lop,Jop) 
881 CONTINUE 
c.~ __ ~ ________________________________________ __ 
569 continue 
DO 1 1=1,200 
DO 1 J=I,20 
DO 1 k=I,20 
IFL Y(I,J,k)=O 
1 CONTINUE 
DO 3 i=l,lO 
DO 3 j=I,3 
D03 k=I,20 
Ihub(I,J ,k)=O 
3 CONTINUE 
c INITIATE 1ST CASCADE MATRIX 
DO 60I=I,N 
D055 J=I,N 
CAS 1 (I,J)=C(I,J) 
D053K=I,N 
RM(I,J,K)=O 
53CONTINUE 
55CONTINUE 
60CONTINUE 
C 
C FORWARD MIN-ADD 
C 
DOllOI=I,N 
DOI05 J=I,N 
STEP(J,J)=O 
PATH=O 
CASMIN=CAS1(I,J) 
DOlOO K';'I,N 
CASD=CAS 1 (I,K)+CAS 1 (K,J) 
IF(CASMIN.LE.CASD) GO TO 100 
CASMIN=CASD 
PATH=K 
100 CONTINUE 
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IF(PATH.EQ.O) GO TO 105 
CAS 1 (I,J)=CASMIN 
STEP(I,J)=STEP(I,P ATH)+ 1 
L=STEP(I,J) 
IF(L.EQ.I) GO TO 103 
LLl=L-I 
DO 102 LCOUNT=I,LLl 
RM(I,J,LCOUNT)=RM(I,PATH,LCOUNT) 
102 CONTINUE 
103 RM(I,J,L)=PATH 
IF(STEP(PATH,J).EQ.O) GO TO 105 
MORE=STEP(PATH,J) 
STEP(I,J)=STEP(I,J)+MORE 
LPI=L+I 
MCOUNT=I 
MORE=MORE+L 
D0104 LCOUNT=LPI,MORE 
RM(I,J,LCOUNT)=RM(pATH,J,MCOUNT) 
MCOUNT=MCOUNT + 1 
104 CONTINUE 
105 CONTINUE 
llO CONTINUE 
C 
C INITIATE 2ND CASCADE MATRIX 
C 
DOI60I=I,N 
DOl55 J=I,N 
CAS2(I,J)=CAS 1 (1,1) 
155 CONTINUE 
160 CONTINUE 
C 
C BACKWARD MIN-ADD 
C 
D0210 I=N,I,-I 
D0205 J=N,I,-I 
PATH=O 
CASMIN=CAS2(I,J) 
D0200 K=N,I,-I 
CASD=CAS2(I,K)+CAS2(K,J) 
IF(CASMIN.LE.CASD) GO TO 200 
CASMIN=CASD 
PATH=K 
200 CONTINUE 
IF(PATH.EQ.O) GO TO 205 
CAS2(I,J)=CASMIN 
STEP(I,J)=STEP(I,P A TH)+ 1 
L=STEP(I,J) 
IF(L.EQ.l) GO TO 203 
LLl=L-I 
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DO 202 LCOUNT=l,LLl 
RM(I,J ,LCOUNT)=RM(I,P ATH,LCOUNT) 
202 CONTINUE 
203 RM(I,J,L)=PATH 
IF(STEP(PATH,J).EQ.O) GO TO 205 
MORE=STEP(PATH,J) 
STEP(I,J)=STEP(I,J)+MORE 
LP1=L+1 
MCOUNT=l 
MORE=MORE+L 
D0204 LCOUNT=LP1,MORE 
RM(I,J,LCOUNT)=RM(PATH,J,MCOUNT) 
MCOUNT=MCOUNT + 1 
204 CONTINUE 
205 CONTINUE 
210 CONTINUE 
C 
C PRINT OUT DATA, CAS1, CAS2, RM 
C 
print*,' ************************' 
print*,' Run has been sucessful ' 
print*,' ************************' 
print*,' t 
print*,' **************************************' 
print*,' Please wait saving results in progress' 
print*,' **************************************' 
print*,' I 
rewind(90) 
WRITE(90,90l) N 
901 FORMAT('1',30X,'HIERARCHICAL ijUB ALGORITHM'II' ',30X, 
*THE NUMBER OF NODES IS ',151/) .. 
WRITE(90,902) 
902 FORMATe ',30X,'FLOW MATRIX'/) 
WRITE(90,903) (I,I=l,N) 
903 FORMATe '/1' ',6X,1O(13,3X)//) 
D0905I=1,N 
WRITE(90,904) I,(W(I,J),J=l,N) 
904 FORMATe ',13,2016) 
905 CONTINUE 
WRITE(90,908) 
908 FORMATe ',/1' ',30X,'COST MATRIX'/) 
WRITE(90,903) (I,I=l,N) 
D0910 I=l,N 
WRITE(90,904) I,(C(I,J),J=l,N) 
910 CONTINUE 
WRITE(90,916) 
916 FORMAT(' '/1' ',30X,'CASCADE#1'/) 
WRITE(90,903) (I,I=l,N) 
D0920 I=l,N 
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WRITE(90,904) I,(CASl(I,J),J=l,N) 
920 CONTINUE 
WRITE(90,926) 
926 FORMAT("/I' ',30X,'CASCADE #2'1) 
WRITE(90,903) (I,I=l,N) 
D0930I=1,N 
WRITE(90,904) I,(CAS2(I,J),J=1,N) 
930 CONTINUE 
WRITE(90,928) 
928 FORMAT(' 'jl' ',30X,'LINK STEP MATRIX'/) 
WRITE(90,903) (I,I=l,N) 
DO 929I=1,N 
WRITE(90,904) I,(STEP(I,J),J=l ,N) 
929 CONTINUE 
WRITE(90,931 ) 
931 FORMAT(' 'jl' ',30X,'ROUTING MATRIX'I) 
WRITE(90,932) (I,I=l,N) 
932 FORMAT(' 'j' ',4X,10(I6,6X)/1) 
D0935I=1,N 
WRITE(90,934) I,«RM(I,J,K),K=1,10),J=1,N) 
934 FORMAT(' ',I3,lX,lO(lX,lOIl,lX)) 
935 CONTINUE 
D0500 ROOT=l,N 
C 
C INITIALIZE EDGE MATRICES (E), CALCULATE EDGE COUNT (EDGES) 
C DIAGONAL EXCLUDED, SYMMETRIC, I.E., HALF OF THE MATRIX 
C 
i lri p(root)=O 
ECOUNT=O 
EDGES=(N*N-N)/2 
D03lO DEG=l,N 
D0308I=1,N 
D0306 J=l,N 
E(DEG,I,J)=O 
306 CONTINUE 
308 CONTINUE . 
31OCONTINUE 
C 
C BUILD THE FIRST DEGREE EDGE-CONNECTION MATRIX E(l,I,J) 
C BASED ON THE ROUTING MATRIX, FOR CURRENT ROOT 
C 
D0315 J=l,N 
IF(ROOT.EQ.J) GO TO 315 
IF(STEP(ROOT,J).EQ.O) THEN 
E(l,ROOT,J)=l 
E(l,J,ROOT)=l 
ECOUNT=ECOUNT+1 
ELSE IF(STEP(ROOT,J).EQ.l) THEN 
K=RM(ROOT,J,l) 
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E(1,K,J)=1 
E(1,J,K)=1 
ECOUNT=ECOUNT+l 
ELSE IF(STEP(ROOT,J).GT.l) THEN 
K=STEP(ROOT,J) 
ORI=RM(ROOT,J,K) 
E(1,ORI,J)=1 
E(I,J,ORI)=1 
ECOUNT=ECOUNT + 1 
ENDIF 
315 CONTINUE 
IF(ECOUNT.EQ.EDGES) THEN 
diamter(root)=1 
GOT0351 
ENDIF 
C 
C BUILD THE E MATRICES UNTIL DEGREE=diamter, I.E., 
C ECOUNT=EDGES, THE NUMBER OF EDGES EQUALS THAT NEEDED 
C FOR ONE PATH BETWEEN EACH PAIR. 
C (IF I=J, E(DEG,I,J) ~ 0 FOR ALL DEG, I; AND J) 
C 
D0330 DEG=2,N 
DEGLl=DEG-l 
D0325 ROW=I,N 
D0324 COL=I,N 
IF(COL.LE.ROW) GO TO 324 
D0322 K=I,DEGLl 
IF(E(K,ROW,COL).EQ.I) GO TO 324 
322 CONTINUE 
SUM=O 
~ 
D0321 K=I,N " 
SUM=SUM+E(I,ROW,K)*E(DEGLl,K,COL) 
321 CONTINUE 
IF(SUM.NE.I) GO TO 324 
E(DEG,ROW,COL)=1 
E(DEG,COL,ROW)=1 
ECOUNT=ECOUNT+l" 
IF(ECOuNT.EQ.EDGES) THEN 
diamter(root)=DEG 
WRITE(90,323) ECOUNT,EDGES,diaI11ter(root) 
323 FORMAT(, ','ECOUNT = ',13,' EDGES = ',13,' diamter = ',13) 
GO TO 351 
ENDIF 
324 CONTINUE 
325 CONTINUE 
330 CONTINUE 
C 
C PRINT OUT ROOT, EDGE-CONNECTION MATRICES 
C 
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351 WRITE(90,352) ROOT 
352 FORMAT(' ',1//' ',30X;ROOT IS NODE #',13/1) 
DO 370 DEG=I,diamter(root) 
WRITE(90,355) DEG 
355 FORMAT(' ',II' ',30X,'EDGE-CONNECTION MATRIX #',13//) 
WRITE(90,903) (I,I=I,N) 
D0357I=I,N 
WRITE(90,904) I,(E(DEG,I,J),J=I,N) 
357 CONTINUE 
370 CONTINUE 
C 
C LOAD FLOWS TO NETWORK, CONSTRUCT THE FLOW COST 
MATRIX(FLOWC) 
C THE FLOW COST OF EACH PAIR O-D IS THE SUM OF TRANSPORT 
C COSTS FOR MOVING ONE UNIT FROM 0 TO D, DIRECTLY OR NOT, 
C DETERMINED FROM EDGE-CONNECTION MATRICES AND COST 
MATRIX. 
C 
C INITIALIZE FLOWC MATRIX 
C 
D0405I=I,N 
D0403 J=I,N 
FLOWC(I,J)=C(I,J) 
FLOWw(I,J}=w(i,j) 
itag(i,j)=O 
403 CONTINUE 
405 CONTINUE 
kk=1 
D0480I=I,N 
D0475 J=I,N 
C 
C SYMMETRIC, DIAGONAL, OR DIRECT LINKS -- TO BE EXCLUDED 
C 
IF(J.LE.I.OR.E(I,I,J).EQ.l) GO TO 475 
DO 410 DEG=2,diamter(root) 
IF(E(DEG,I,J).EQ.l) GO T0415 ° 0,0 ' 
'4100CONTINUE 00 00' 0' 0 .. 0,0 ,',0. .< •• ° 
write(90, *)' warning no connection no l' 
415 DEGLl=DEG-l 
C 
C FROM DESTINATION TRACE THE LAST TRANSHIPMENT POINT 
0' C BACKK TO ORIGIN, CREATE THE TRANSffiPMENT VECTOR(TRANS) 
C 
DES=J 
D0430 K=DEGLl,I,-1 
D0425 L=I,N 
c if(root.eq.l.or.root.eq.2.or.root.eq.9) then 
c write(90,*)' k,I,degll,e(k,i,I),e(I,I,des),des', 
c 1 k,I,degll,e(k,i,I),e(l,I,des),des 
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c endif 
IF(E(K,I,L).EQ.l.AND.E(I,L,DES).EQ.l) THEN 
TRANS(K)=L 
DES=L 
c if(root.eq.l.or.root.eq.2.or.root.eq.9) then 
c write(90, *)' k,l,degll,e(k,i,I),e(I,I,des),des,trans(k)" 
c 1 k,l,degll,e(k,i,l),e(I,I,des),des,trans(k) 
c ENDIF 
GOT0430 
ENDIF 
c . write(90, *)' warning no connection no 2' 
425 CONTINUE 
430 CONTINUE 
c WRITE(90,432) KK,I,(TRANS(K),K=I,DEGLl),J 
ifly(kk,l,root)=i 
do 327 kp=l,degll 
ifl y(kk,kp+ 1 ,root )=trans(kp) 
327 continue 
ifly(kk,degll +2,root)=j 
kkk=degll+2 
if(kkk.gt.n)print*,' warning ifly limitation' 
c print*,' kk=' ,kk,' no of steps=',kkk 
kk=kk+l 
C PRINT OUT THE TRANSHIPMENT VECTOR 
C 
c WRITE(90,431)1,(TRANS(K),K=I,DEGLl),J 
431 FORMAT(1X,17,' 'j' ','ROUTE =',716) 
c i tri p(root )=i tri p(root )+( degll + 1 )*w(i,j) 
c write(90, *),root,ij,degll,w(i,j),itrip(root)', 
c lroot,i,j,degll,w(i,j),itrip(root) . 
. , C . 
C CALCULATE FLOW COST FOR EACH O-D BASED ON TRANSHIPMENT 
VECTOR 
C 
K=TRANS(I) 
c. ..~O;V.C(I,J)~C(I,~L_·'"<i'd".'i. . ..... . ." " .. '," 
FLOWw(l,k)=floww(i,k)+w(I,j) 
itag(i,k)=1 
FLOWw(k,i)=floww(i,k) 
itag(k,i)=1 
00435 L=2,DEGLl 
. LL1=L-I 
ORI=TRANS(LL1) 
. m;S=TRANS(L) 
FLOWC(I,J)=FLOWC(I,J)+C(ORI,DES) 
FLOWw(ori,des)=FLOWw(ori,des)+w(l,j) 
. itag(ori,des)=1 
FLOWw( des,ori)=FLOWw( ori ,des) 
itag(des,ori)=1 
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435 CONTINUE 
K=TRANS(DEGLl} 
FLOWC(I,J}=FLOWC(I,J}+C(K,J} 
FLOWw(k,j}=floww(k,j}+w(I,j} 
itag(k,j}=l 
FLOWw(j,k}=floww(k,j} 
itag(j,k}=l, 
FLOWC(J,I}=FLOWC(I,J} 
c if(root.eq.l.or.root.eq.2.or.root.eq.9} then 
c write(90, *),root,i,j,degll ,w(i,j},itrip(root},flowc(i,j}', 
c 'lroot,i,j ,degll ,w(i,j},itrip(root},flowc(i,j} 
c endif 
475 CONTINUE 
480 CONTINUE 
kkf(root}=kk-l 
C 
C PRINT OUTdFLOW COST MATRIX 
C 
WRITE(90,885} . 
885 FORMATC,'j/' ',30X,'FLOW PASSENGER MATRIX'//) 
WRITE(90,903} (I,I=l,N) 
D0887I=1,N 
WRlTE(90,904} I,(FLOWw(I,J},J=l,N} 
887 CONTINUE 
WRITE(90,485} 
485 FORMATC,'j/' ',30X,'FLOW COST MATRIX'//) 
WRITE(90,903} (I,I=l,N) 
D0487I=1,N 
WRITE(90,904} I,(FLOWC(I,J},J=l,N} 
487 CONTINUE 
C 
C LOAD FLOWS, TOTAL FLOW COST = SUM(FLOWC*FLOW} 
C 
D0990I=1,N 
D0389 J=l,N 
" . ,,' . if(it~g(i,j}.eq.O) floww(i,j}=O, 
" if(itag(i,j):eq.O} floww(j,i};"O 
389 CONTINUE 
990 CONTINUE 
SUMI(root}=O 
SUMf(root)=O 
SDMt(root)=O 
itrip(root}=O 
D0490I=1,N 
D0489J=1,N 
itrip(root}=itrip(root}+floww(i,j} 
SUMI(root}=SUMI(root}+W(I,J} 
SUMf(root}=SUMf(root}+FLOWC(I,J} 
SUMt(root}=SUMt(root}+FLOWC(I,J}*W(I,J} 
, I', 
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489 CONTINUE 
490 CONTINUE 
itrip(root)=itrip(root)-suml(root) 
kh=O 
do 391 i=l,n 
kf=O 
do 392j=l,n 
if(e(l,i,j).eq.l)kf=kf+ 1 
392 continue 
if(kf.gt.1) then 
kh=kh+l 
ihub(kh, 1 ,root)=i 
ihub(kh,2,root)=kf 
endif 
391 continue 
do 294 iz= l,kh 
ihub(iz,3,root)=0 
do 394 ix=l,n 
iix=ihub(iz, 1 ,root) 
ihub(iz,3,root)=ihub(iz,3,root)+f\oww(iix,ix) 
394 continue 
nml=n-l 
if(ihub(iz,2,root).eq.nml) then 
ihub(iz,3,root)=ihub(iz,3,root)*2 
endif 
294 continue 
do 393 iz=l,kh-l 
do 393 ix=iz+ l,kh 
. if(ihub(iz,3,root).ge.ihub(ix,3,root)) go to 393" 
jx=ihub(iz,l,root) , 
jy=ihub(iz,2,root) 
jz=ihub(iz,3,root) 
ihub(iz, 1 ,root )=ihub(ix, 1 ,root) 
ihub(iz,2,root)=ihub(ix,2,root) 
ihub(iz,3,root)=ihub(ix,3,root) 
. ihub(ix,l,root)=jx . 
ihub(ix,2,root);jy . 
ihub(ix,3,root)=jz 
393 continue 
do 395 iz=l,kh 
,- .. ,.-' ,' .. -.. 
write(90,*)' hub(1~3)=', ihub(iz,l,root),ihub(iz,2,root) 
1, ihub(ii~3,rciot)" .. 
395 continue 
C 
C PRINTOUTTOTALFLOWCOST 
C 
WRlTE(90,495) SUMt(root) 
495 FORMAT(, ',1/' ',' TOTAL FLOW COST = ',19/1) 
500 CONTINUE 
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imax=l 
imin=l 
tmax=sumt( 1) 
tmin=sumt(l) 
do 838 i=l,n 
if(sumt(i).lt.tmin)then 
imin=i 
tmin=sumt(i) 
elseif(sumt(i).gt.tmax)then 
imax=i 
tmax=sumt(i) 
endif 
838 continue 
call table 
if(iopt.eq.O) go to 222 
write(15, *)" 
write(15, *)" 
write(15, *)" 
write(15, *)" 
if(kopt.1t.8)go to 777 
222 continue 
return 
end 
c************************************************************** 
subroutine connection(ic,icityl,icity2,icol) 
real ic(20,3) 
call draw (ic(ici ty 1,1 ),ic(ici ty 1 ,2),ic(icity2, 1 ),ic(icity2,2), 
licol) 
return 
end 
c************************************************************** 
subroutine drawrnap 
DIMENSION BORDERl(200,2),BORDER2(90,2),BORDER3(90,2) 
DIMENSION CIT(20,3) 
real IB 1 (200,2),IB2(90,2),IB3(90,2),ic 
integer diamter,sumt,sumf,tmin,tmax,root,suml, w 
integer fioww . . .. . 
common/tab Ilfloww(20,20) 
common/grO!xmms,ymms 
common/grlliflag,iseg,n 
common/gr2!ifly(200,20,20),sumt(20),suml(20),sumf(20) 
. coriirrion/gi-3ltmiit,irniri;imaX,iiriilx;kkf(20),diamter(20),[ooi 
common/gr4!width 
common/gr5!ic(20,3),zcity(20),acity(20) 
common/gr6!itrip(20) 
common/gr7!w(20,20) 
common/gr9!itab,iplt,jex,copt 
common! gr 1 Olzlab2,xtab 
character*70 zlab2,xtab 
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character*22 zcity 
character acity*4 
open( 11 ,flle='borl' ,status='old') 
open( 12,file='bor2' ,status=' old') 
open(13,file='bor3',status='old') 
OPEN(24,file='cityO',status='old') 
open( 14,file='cityl' ,status='old') 
rewind(14) 
do 5 i=l,n 
read(14,6)acity(i) 
5 contiilUe 
6 forrnat(a4) 
close(14) 
REWIND(ll) 
REWIND(12) 
REWIND(13) 
REWIND(24) 
xsl=O. 
ysl=O. 
ys2=20. 
ys3=ymms 
xs3=xmms 
xs2=125 
call rrect(xsl,ysl,xs3,ys2,27,27) 
call rrect(xsl,ys2,xs2,ys3,30,30) 
call rrect(xs2,ys2,xs3,ys3,27,27) 
READ(lI, *)BORDERl(l,l),BORDERl(I,2) 
REWIND(II) 
BMA lX=BORDERl(l, 1) 
BMAIY=BORDERl(I,2) 
BMIIX=BORDERl(I,I) 
BMIl Y=BORDERl(I,2) 
DO 81 JI=I,200 
.', 
READ(11, * ,END=71)BORDERl(JI, l),BORDERl (JI,2) 
IF(BMAIX.LE.BORDERl(JI,I» BMAIX=BORDERl (11,1) 
IF(BMAl Y.LE.BORDERl (II,2» BMAl Y =B ORDER 1 (JI,2) 
IF(BMIIX.OE.BORDERl(I1,l»BMIlX=BORDERl(I1,l) 
IF(BMIl Y.OE.BORDERl(I1,2» BMIl Y=BORDER 1 (11,2) 
81 CONTINUE 
71 NB 1=11-1 
READ(l2,*)BORDER2(1,1),BORDER2(1,2) 
REWIND(12) '."". 
BMA2X=BORDER2(1,1) 
BMA2Y=BORDER2(1,2) 
BMI2X=BORDER2(1,1) 
BMI2Y=BORDER2(1,2) 
DO 82 11=1,100 
READ(12,*,END=72)BORDER2(1I,1),BORDER2(1I,2) 
IF(BMA2X.LE.BORDER2(1I,1» BMA2X=BORDER2(1I,1) 
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IF(BMA2Y.LE.BORDER2(II,2» BMA2Y=BORDER2(1I,2) 
IF(BMI2X.GE.BORDER2(II,1» BMI2X=BORDER2(II,1) 
IF(BMI2Y.GE.BORDER2(II,2» BMI2Y=BORDER2(1I,2) 
82 CONTINUE 
72 NB2=II-l 
READ(13,*)BORDER3(1,1),BORDER3(1,2) 
REWIND(13) 
BMA3X=BORDER3(1,1) 
BMA3Y=BORDER3(1,2) 
BMI3X=BORDER3(1,1) 
BMI3Y=BORDER3(1,2) 
DO 83 11=1,100 
READ(13,*,END=73)BORDER3(II,1),BORDER3(1I,2) 
IF(BMA3X.LE.BORDER3(II,1» BMA3X=BORDER3(II,1) 
IF(BMA3Y.LE.BORDER3(II,2» BMA3Y=BORDER3(II,2) 
IF(BMI3X.GE.BORDER3(1I,1» BMI3X=BORDER3(II,1) 
IF(BMI3Y.GE.BORDER3(II,2» BMI3Y=BORDER3(II,2) 
83 CONTINUE 
73 NB3=1I-1 
DO 84 II=l,n 
READ(24, * ,END=74 )CIT(II,l ),CIT(II,2),CIT(II,3) 
84 CONTINUE 
74 NB4=II-l 
XMAX=BMAIX 
XMIN=BMIIX 
YMAX=BMAIY 
YMIN=BMIIX 
IF(BMA2X.GT.XMAX)X1!AX=BMA2X 
IF(BMI2X.LT.xMIN)XMIN=BMI2X 
IF(BMA2Y.GT. YMAX)YM.AX=BMA2Y 
IF(BMI2Y.LT.YMIN)YMIN=BMI2Y 
IF(BMA3X.GT.XMAX)XMAX=BMA3X 
IF(BMI3X.LT.XMIN)XMIN=BMI3X 
IF(BMA3Y.GT.YMAX)YMAX=BMA3Y 
IF(BMI3Y.LT.YMIN)YMIN=BMI3Y 
XX=XMAX-XMIN .. 
YY=YMAX-YMIN 
xmms=xmms-60 
ymms=ymms-30 
OPEN(29 ,FILE~'city2',ST ATUS='OLD') 
REWIND(29) 
""d62:28Ip;;'1,ri - . 
read(29,229)zcity(ip) 
228 continue 
229 format(lx,a22) 
c1ose(29) 
print*,' I 
print*,' please enter hub city number' 
print*,' *******************************' 
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print*,' , 
'. do 227 ip=I,n 
write(* ,226)zcity(ip) 
227 continue 
226 fonnat(Sx,a22) 
print*,' *******************************' 
print*,' , 
read(* , *)root 
DO 91 IO=I,NBI 
IBI(IO,I)=(xmms/(XX»*(BORDERI(IO,I)-XMIN)+S 
IB 1 (IO,2)=(ymms/(YY»*(BORDERI (10,2)-YMIN)+20 
91 CONTINUE 
ico=3 
width=.5 
CALL GotoXY(IBI(I,I),IBI(I,2» 
DO 21 I=I,NBI-I 
CALL Draw(IB 1 (1,1 ),IB 1 (I,2),IB 1 (1+ 1, 1 ),IB 1 (I + 1 ,2),ico) 
21 CONTINUE 
CALL Draw(IB 1 (NB I,I),IB 1 (NB I,2),IB 1(1 ,I),IB I(l,2),ico) 
DO 92 IO=I,NB2 
IB2(10,I)=(xmms/(XX»*(BORDER2(10,I)-XMIN)+5 
IB2(IO,2)=(ymms/(YY»*(BORDER2(IO,2)-YMIN)+20 
92 CONTINUE 
CALL GotoXY(IB2(1,l),IB2(I,2» 
ico=4 
width=.5 
DO 22 I=I,NB2-I 
CALL Draw(IB2(I,I ),IB2(1,2),IB2(1+ 1,1 ),IB2(1 + 1 ,2),ico) 
22 CONTINUE 
CALL Draw(IB2(NB2, 1 ),IB2(NB2,2),IB2(I, 1 ),IB2( 1 ,i),ico) 
DO 93 IO=I,NB3 . 
IB3(IO,I)=(xmms/(XX»*(BORDER3(IO,I)-XMIN)+5 
IB3(IO,2)=(ymms/(YY»*(BORDER3(IO,2)-YMIN)+20 
93 CONTINUE 
CALL GotoXY(IB3(l,I),IB3(l,2» 
ico=4 
width=.5 
DO 23 I=I,NB3-I 
CALL Draw(IB3(I, 1 ),IB3(1,2),IB3(1+ 1,1 ),IB3(1+ 1 ,2),ico) 
23 CONTINUE. . . .. ' . 
CALL Draw(IB3(NB3, 1 ),IB3(NB3,2),IB3( 1,1 ),IB3( 1 ,2),ico) 
. . call gscamm" . . . . - .. 
call rtxfonCswim' ,0) 
call rtxhei(1.5) 
call rtxcol(32,32) 
DO 94 IO=I,NB4 
IC(IO,I)=(xmms/(XX»*(CIT(lO,I)-XMIN)+5 
IC(IO,2)=(ymms/(YY»*(CIT(IO,2)-YMIN)+20 
IC(IO,3)=CIT(IO,3) 
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94 CONTINUE 
ico=2 
rR=IC(I,3)*.S 
CALL CIRCLE(IC(I,l),IC(1,2),rR,ico) 
x=ic(I,I)+rr 
y=ic(I,2) 
call rtx (-S,acity(1),x,y) 
DO 29 I=I,kkf(root) 
ICOL=7 
IF(IFL Y(I,I,root).NE.O.o) THEN 
ICITY1 =IFL Y(I,1,root) 
else 
go to 29 
ENDIF 
DO 219 J=2,n 
IF(IFL Y(I,J,root).NE.O.O) THEN 
ICITY2=IFL Y(I,J,root) 
CALL CONNECTION(IC,ICITY1,ICITY2,ICOL) 
else 
go to 29 
ENDIF 
icityl=icity2 
219 CONTINUE 
29 CONTINUE 
DO 24 I=I,NB4 
ico=2 
rR=IC(I,3)*.S 
CALL CIRCLE(IC(I,I),IC(I,2),rR,ico) 
x=ic(i,l)+rr 
y=ic(i,2) 
call rtx (-S,acity(i),x,y) 
24 CONTINUE 
ico=7 
CALL Draw(S.,24.,S.,26.,ico) 
CALL Draw(20.,24.,20.,26.,ico) 
CALL Draw(S.,2S.,20.,2S.,ico), 
call rtxhei(2.) 
call rtx (6,'200 NM',22.,2S.) 
xrnms=xrnrns+60 
yrnms=yrnrns+30 
call gdiagc('show') 
. call textrnap 
return 
end 
c************************************************ 
subroutine textrnap 
dimension zlab(20),xlab(2) 
real ic 
integer diamter,sumt,surnf,suml,tmin,tmax,root 
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integer floww 
commonltab Ilfloww(20,20) 
commonlgrO/xmms,ymms 
commonlgrlliflag,iseg,n 
common/gr2/ifly(200,20,20),sumt(20),suml(20),sumf(20) 
commonlgr3Itmin,imin,tmax,imax,kkf(20),diamter(20),root 
commonlgr4/width 
commonlgr5/ic(20,3),zcity(20),acity(20) 
commonlgr6/itrip(20) 
common/gr9/itab,iplt,jex,copt 
commonlgr 1 01zlab2,xtab 
character*70 zlab2,xtab 
character*22 zcity 
character*35 zlab 
character*35 xlab 
c character*60 zlab 1 
character acity*4 
call rtxhei(2.5) 
call rtxcol(32,32) 
c call rtxfonCPSIM' ,2) 
call rtx( -1 ,'CASPIAN SEA',32.,IIO.) 
call rtxhei(2.5) 
call rtxcol(32,32) 
c call rtxfonCPSIM' ,2) 
call rtx(-I,'PERSIAN GULF',50.,33.) 
call rtxhei(5.) 
call rtxcol(32,32) 
c call rtxfonCPSIM' ,2) 
call itx(-1,'IRAN',97.,122.) 
call gdiagcCshow') 
open(15,file='textp2') 
rewind(15) 
xlab(1)='GENERAL INFORMATION' 
xl ab( 2 )=' -----------------------------------, 
write(15, 110)n 
110 formatCNo. of Cities ',i2) 
write( 15, 120)acity(root) 
120 formatCHub City ',a3) 
write(15,130)diamter(root) 
130 formatCDiameter ',i2) 
write(15,145)itrip(root) 
145rormatCNo. Trips Generated(*)',i7) . 
write(15,140)kkf(root) 
140 format('No. of Routes ',i3) 
write(15,150)suml(root) 
150 formatCHub Flow (*) ',ilO) 
write(15,160)sumt(root) 
160 formatCHub Cost (**) ',ilO) 
write(15,170)acity(imin) 
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170 fonnat(,Best Hub City ',a3) 
write(15,180)acity(imax) 
180 fonnat('W orst Hub City ',a3) 
write(15,190)tmin 
190 fonnat(,Minimum Cost ',ilO) 
write( 15 ,200)tmax 
200 fonnat('Maximum Cost ',HO) 
write(15,400) 
400 fonnat(,(*) 1000 passengers ') 
write(15,41O) 
410 fonnat(,(**) 1000 Rials ') 
rewind(15) 
call rtxhei(2.5) 
do 220 iu=I,13 
read(15,230)zlab(iu) 
230 fonnat(a35) 
220 continue 
x=127. 
y=120 
call rtx(-I,xlab(I),x,y) 
y=120-2 
call rtx( -1 ,xlab(2),x,y) 
y=120-8 
call rtxhei(2.0) 
x=132. 
do 240 iu=I,13 
call rtx(-I,zlab(iu),x,y) 
y=y-7 
if(iu.eq.ll)y=y-3 
240 continue 
x=20. 
call rtxhei(2.5) 
y=13 
call rtx(-I,'Optimization of the HOMA HUB model for Iran' 
l,x,y) 
c call rtx( -1 ,zlab 1 ,x,y) 
y=5 
c call rtx(-I,' ICAA Data',x,y) 
call rtx( -1 ,zlab2,x,y) 
call gdiagc('show') 
close(15) 
return· 
end 
c************************************************ 
subroutine circle(x,y ,r,ico) 
call rcircl(x,y,r,ico,O.o) 
return 
end 
c************************************************ 
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subroutine draw(x 1 ,y 1 ,x2,y2,ico) 
cornrnon/gr4/width 
call gwicol(width,ico) 
call gvect(xl,yl,O) 
call gvect(x2,y2, 1) 
return 
end 
c************************************************ 
subroutine gotoxy(xl,yl) 
call gvect(xl,yl,O) 
return 
end 
c************************************************ 
subroutine initscreen 
common/grO/xmms,ymms 
call groute(,,) 
call ropen 
call grpsiz(xmms,yrnrns) 
c print*,' xrnrns',xmms,' ymms', yrnrns 
xl=xrnrns 
yl=yrnrns 
x2=xrnrns 
y'2=yrnrns 
call gvport(xl,yl,x2,y2) 
call gwbox(x2,y2,0.) 
call gscarnrn 
c call rtxsprn(l) 
c call rtxspf(.l) 
c call rtxfon('sirnp' ,0) 
call gclear 
return 
end 
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